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PREFACE 


This  report  was  sponsored  by  the  Office,  Chief  of 
Engineers  (OCE) ,  U.  S.  Army,  as  part  of  the  Environmental 
Water  Quality  and  Operational  Studies  (EWQOS)  Work  Unit 
IB.l  entitled  improved  Description  of  Reservoir  Ecological 
and  Water  Quality  Processes.  OCE  Technical  Monitors  for 
EWQOS  were  Mr.  John  Bushman,  Mr.  Earl  Eiker,  and  Mr.  James  L 
Gottesman . 

Work  for  this  report  was  conducted  during  the  period 
January  1982-September  1982  by  Dr.  Carol  D.  Collins  and 
Dr.  Joseph  H.  Wlosinski,  Water  Quality  Modeling  Group 
(WQMG)  of  the  Environmental  Laboratory  (EL),  U.  S.  Army 
Engineer  Waterways  Experiment  Station  (WES) .  The  draft 
report  was  reviewed  by  Mr.  Jack  Waide  and  Drs.  Allan 
Lessem  and  John  Barko,  all  of  EL. 

The  study  was  conducted  under  the  direct  supervision 
of  Mr.  Aaron  Stein,  Acting  Chief,  WQMG,  and  under  the 
general  supervision  of  Mr.  Donald  L.  Robey,  Chief, 

Ecosystem  Research  and  Simulation  Division,  and  Dr.  John 
Harrison,  Chief,  EL,  WES.  Program  Manager  of  EWQOS  was 
Dr.  Jerome  L.  Mahloch,  EL. 

Commander  and  Director  of  WES  during  this  study  and 
the  preparation  of  this  report  was  Col.  Tilford  C.  Creel, 

CE.  Technical  director  was  Mr.  F.  R.  Brown. 
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COEFFICIENTS  FOR  USE  IN  THE  U.  S.  ARMY  CORPS  OF 
ENGINEERS  RESERVOIR  MODEL,  CE-QUAL-R1 

PART  I:  INTRODUCTION 


Background 


1.  A  numerical  one-dimensional  model  (CE-QUAL-R1)  of 
reservoir  water  quality  is  being  developed  as  part  of  the 
Environmental  and  Water  Quality  Operational  Studies 
(EW'QOS)  .  A  User's  Manual  (Environmental  Laboratory  1982)  , 
which  describes  the  model  and  lists  the  data  required,  is 
available  from  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES) .  One  of  the  major  types  of  input  to  the 
model  is  a  set  of  coefficients  used  in  equations  which 
describe  rates  of  change  for  various  water  quality 
variables.  Although  a  description  of  the  coefficients  is 
included  in  the  User’s  Manual,  no  values  are  supplied  for 
many  of  them.  Most  of  these  deal  with  biological  processes 
which  are  extremely  difficult,  and  very  costly,  to  measure; 
in  fact,  for  a  pro- impoundment  study,  many  coefficients 
cannot  be  measured .  For  these  reasons,  users  of  CE-QUAL-R1 
will  have  to  use  coefficient  estimates  found  in  the 
literature . 


Pu  rposc 

2.  The  purpose  of  this  report  is  to  aid  the  users  of 
CE-QUAL-R1  by  supplying  information  about,  and  values  for, 
many  of  the  coefficients  needed  for  use  of  the  model. 

Table  1  lists  those  coefficients  for  which  information  is 
supplied  in  this  report.  The  coefficients  presented  arc 
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suitable  for  the  version  of  the  model  described  in  the 
User's  Manual  (Environmental  Laboratory  1982)  .  Neither  the 
information  concerning  coefficient  measurements  nor  the 
coefficient  values  listed  should  be  considered  to  represent 
an  exhaustive  search  of  the  literature.  In  many  cases,  the 
parameter  values  found  in  the  literature  were  inappropriate 
to  use  in  the  model  because  of  (a)  the  lack  of  information 
necessary  to  convert  the  value  to  the  proper  units  or  (b) 
improper  experimental  design.  Therefore,  this  report 
includes  literature  values  for  experiments  that  were 
already  in  appropriate  form  for  use  in  CE-QUAL-R1  or  re 
readily  transformable. 

3.  Although  parameter  values  for  a  given  coeffi  nt 
may  range  over  several  orders  of  magnitude,  it  was  fc 
inappropr  i  ate  to  recommend  a  single  value  for  a  paramour. 
Instead,  experimentally  determined  values  are  presented  to 
provide  the  user  with  a  range  of  values. 
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Table  1 

Alphabetical  listing  of  coefficients  in  this  report 
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Table  1  (Concluded) 

•k 

PACK  NUMBERS 


COKFFIC I KNT 

THIS  RKPOKT 

USER'S  MANUAL 

PRF.F3 

4  9 

195 

PS 2 CO 2 

38 

191 ,  192 

PS  2  L 

40 

J  91 , 192 

PS2N 

34 

190 ,  192 

PS2P04 

32 

190 , 192 

QlOCOL 

86 

213 

TBMAX 

56 

197 
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59 

19  7 

TURKS P 

60 
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77 
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73 

207 
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71 

199 

TFMAX 
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201 

TFMORT 

69 
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TFRKSP 

70 
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75 

207 
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77 
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189 , 192 
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18 

187 
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84 

207 
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28 

212 
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86 
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44 
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46 

195 

TZRESP 

51 

195 
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47 

195 
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53 

196 

ZOOT2 

53 

1 9  6 
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53 

1  96 

ZOOT4 

53 

196 

ZS2P 

53 
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PART  II:  COEFFICIENTS 

Coefficient  Types 

4.  For  those  coefficients  that  are  involved  in 
equations  as  rates  of  change,  the  user  must  supply  values 
that  are  appropriate  to  continuous  exponential  functions. 
These  values  should  be  appropriate  for  the  equation: 

X(t)  =  Xq  exp (K  *t)  (1) 

where 

X(t)  =  final  condition 

X  =  initial  condition 
o 

K  =  coefficient  in  units  of  1/day  in  continuous 
form 

t  =  time  in  days 

5.  For  those  coefficients  that  are  negative  (e.g., 
mortality  rate) ,  the  negative  sign  is  introduced  internally 
by  the  model.  If  values  are  reported  in  the  discrete  form 
suitable  for  the  equation 

X(t)  =  Xq  ( 1  +  Kd) *  *n  (2) 

where 

-  coefficient  in  units  of  1/day  in  discrete  form 
n  -  the  number  of  time  steps  in  days 
the  coefficient  must  be  transformed.  If  the  user  has 
coefficients  in  the  discrete  form  in  units  of  1/day,  they 
can  be  transformed  to  the  proper  continuous  form  by  using 
the  following  relationship: 

Kc  =  In  (1+Kd)  (3) 

For  a  detailed  explanation  of  the  type  of  coefficients 
used  by  CE-QUAL-R1,  please  refer  to  the  User's  Manual, 
pages  41  through  47  (Environmental  Laboratory  1982). 

Values  included  in  this  report  are  in  the  continuous  form. 
This  entailed  transforming  values  for  those  citations  that 
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were  reported  in  the  discrete  form;  transformations  of 
units  to  the  form  used  by  the  model  were  also  necessary. 

Physiological  Processes 

6.  For  zooplankton,  fish,  and  benthos,  the 
physiological  processes  modeled  are  ingestion,  respiration, 
and  assimilation  efficiency.  The  units  for  ingestion  are 
1/day.  Assimilation  efficiency  is  dimensionless  and  is 
multiplied  by  ingestion  to  account  for  the  assimilation 
rate.  In  the  literature,  ingestion  (I)  or  consumption  is 
equal  to  assimilation  (A)  +  egestion  (E) .  The  amount 
assimilated  may  be  separated  into  (a)  that  amount  respired 
(R)  and  (b)  growth  (G) .  The  products  of  growth  may  be 
separated  into  excretion  (X) ,  predatory  mortality  (PM) , 
nonpredatory  mortality  (NM) ,  exuviae  (V) ,  secretion  (S) , 
eggs  or  young  (Y) ,  harvest  (H) ,  and  the  change  in  weight 
(WT)  . 

7.  In  CE-QUAL-R1  predictions  are  made  regarding  WT. 

In  the  literature  it  usually  equals 

WT  =  I-E-R-X-PM-NM-V-S-Y-H  (4) 

Ingestion,  respiration,  predatory  mortality,  nonpredatory 
mortality,  and  harvest  are  explicitly  modeled.  Egestion  is 
calculated  using  ingestion  and  the  assimilation  efficiency. 
Eggs  or  young  are  not  considered  lost  in  the  model  and  are 
not  included  in  the  equation.  Excretion,  exuviae,  and 
secretion  arc  considered  as  part  of  the  nonpredatory 
mortality  term.  Values  for  growth  should  be  used  with 
caution.  Model  users  must  know  exactly  what  is  included 
in  the  growth  term  so  that  correct  coefficient  estimates 
can  be  made. 

8.  The  rates  used  in  the  model  represent  the 
maximum  rate  for  each  process  under  conditions  normally 


11 


/ 


found  in  reservoirs.  These  maximum  rates  are  scaled  down 
in  the  model  due  to  predicted  conditions  such  as 
temperature,  nutrient,  or  food  concentrations.  Values 
found  in  the  literature  for  rates  are  often  measured  at  a 
set  of  specific  conditions  and  may  not  represent  a  true 
maximum  rate.  Values  found  in  this  report  may  not 
necessarily  !e  maximum  rates,  but  the  authors  felt  that  the 
information  may  s' ill  be  of  use  in  setting  coef f icients . 

The  ingestion  rate  must  be  greater  than  the  combined 
mortality  and  respiration  rates  divided  by  the  assimilation 
ef  f iciency . 

9.  Data  input  and  coefficient  selection  are  discussed 
in  detail.  Guidance  will  be  given  with  respect  to  how  the 
data  item  is  used  in  the  model  and  how  the  data  item  can 
be  calculated  or  determined.  Values  for  the  coefficients 
are  also  given  in  tables  based  upon  results  from  laboratory 
and  iri  situ  experimental  results.  With  careful 
specification  of  coefficient  values,  calibration  efforts 
can  be  held  to  a  minimum. 

Light  Extinction 


10.  Solar  radiation  is  distributed  vertically  in  the 
water  column  in  subroutine  HEAT  (which  is  called  from 
subroutine  MIXING) .  The  distribution  is  due  in  part  to 
the  absorption  of  light  by  water,  including  dissolved 
substances,  and  by  absorption  by  particulate  organic  and 
inorganic  materials.  Care  must  be  taken  when  estimating 
or  measuring  extinction  coefficients,  for  the  same  coef¬ 
ficient  may  have  a  different  meaning  depending  on  whether 
it  is  used  in  CE-QUAL-R1  or  CE-THERM-R1 .  Two  extinction 
coefficients  are  used  in  CE-THERM-Rl :  EXCO  and  EXTINS; 
EXIT NP  is  used  only  in  CE-QUAL-Rl . 
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EXCO 

11.  EXCO  is  the  extinction  coefficient  for  water, 
including  dissolved  substances  (i/m).  It  can  be  estimated 
from  the  equation  (Williams  et  al.  1981) 

EXCO  =  1. 1*Z**  (-0.73)  (b) 

given  the  Secchi  depth  (Z)  in  meters,  or  it  can  be 
measured  directly  with  a  photometer  using  the  Beers-Lamber t 
Law 

EXCO  =  (In  I-ln  I  ) /Z  (G) 

z 

where 

I  =  irradiance  at  water  surface 

Iz  =  irradiance  at  depth  z 

However,  ini  situ  measurements  for  EXCO  are  likely  to 
overestimate  the  extinction  coefficient  because  it  includes 
extinction  due  to  detritus,  phytoplankton,  zooplankton,  and 
inorganic  suspended  solids.  Thus,  the  manual  carefully 
states  on  p.  182  that  the  calculated  value  of  EXCO  snould 
reflect  the  maximum  light  penetration  (i.e.,  the  maximum 
Secchi  depth) .  This  should  minimize  the  overestimation 
problem.  In  CE-QUAL-R1  and  CE-THERM-R1,  self-shading  due 
to  these  components  is  handled  separately. 

12.  The  light  extinction  coefficient  for  an 

ul tra-oligotrophic  to  oligotrophic  lake  ranees  from  0.03  to 
1.0/m;  for  mesotrophic  lakes  the  figures  are  from  0.1  to 
2.0/m;  for  eutrophic  lakes,  from  0.5  to  4.0/m;  and  for 
dystrophic  lakes,  from  1.0  to  4.0/m  (Likens  1975)  .  The 
extinction  coefficient  of  monochromatic  light  by  a  1-m 
coin:';!  of  Hist  i  lied  water  ranees  from  0.0255  at  380  lira, 
t'l .  0 : ,  .  4  t  e.n  f  n  .078  at  380  nn,  0.4  55  at  (.80  nm,  to  2.42 
it.  ■ .  o  a  ■:  o  c'.:  i  :.son  1  9 7  i  .  Ot  her  vilues  are  uiven  in 

:  i .  •  he',  i  ••  1 1  i  \  a  - '  !  '  '■  t  idiaLion  (PAR)  a  nd 
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Table  2 

Extinction  coefficients  for  Water  (1/ro) 


SITE 

DESCRIPTION 

EXCO 

REFERENCE 

Lake  Tahoe,  California 

oligotrophic 

0.2 

Wetzel  1975 

Wintergreen  Lake,  Michigan 

eutrophic 

0.46-1.68 

Wetzel  1975 

Crystal  Lake,  Wisconsin 

oligotrophic 

0.2 

Wetzel  1975 

Crater  Lake,  Oregon 

oligotrophic, 
almost  pure,  blue 

0.18 

Spence  1981 

Loch  Borralie,  Scotland 

calcareous  water, 
blue  green 

0.34 

Spence  1981 

Neusiedlersee ,  Austria 

turbid  water, 
sediment  colored 

3.31 

Spence  1981 

Loch  Vnaqan  ,  Scotland 

yellow  substances 

0.93 

Spence  1981 

Black  Loch,  Scotland 

brown  substances 
(peaty ) 

1.53 

Spence  1981 

Loch  Leven,  Scotland 

turbid,  dense 
phytoplankton 

2.58 

Spence  1981 

Lake  Paajarvi,  Finland 

brown-stained 

0.7 

Verduin  1982 

Highly  stained  lakes 

average 

4.0 

Wetzel  1975 

& 
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EXTINS  and  EXTINP 

13.  EXTINS  is  the  self-shading  coefficient  due  to 
particulate  inorganic  material  in  both  CE-QUAL-Rl  and 
CE-THERM-R1 .  In  CE-THERM-Rl ,  because  organic  particulate 
materials  are  not  explicitly  modeled,  the  light  attenuation 
due  to  these  materials  must  be  handled  through  either 
EXTINS  or  EXCO.  If  the  suspended  solids  (SS)  compart¬ 
ment  has  been  incremented  in  value  to  include  organic 

as  well  as  inorganic  particulates  suspended  in  the 
water  column,  then  EXTINS  (l/m*mg/L)  represents  the 
extinction  coefficient  for  all  suspended  solids,  in¬ 
cluding  inorganic  matter,  phytoplankton,  zooplankton, 
and  suspended  detritus.  However,  if  the  SS  compartment 
in  CE-THERM-Rl  does  not  include  organic  particulates-- 
i.e.,  if  the  magnitude  of  SS  is  identical  in  CE-QUAL-Rl 
and  CE-THERM-Rl — then  light  attenuation  by  organic  matter 
suspended  in  the  water  column  cannot  be  handled  by  EXTINS. 
Rather,  the  value  of  EXCO  must  be  increased  to  handle  the 
"extra"  attenuation  due  to  phytoplankton,  zooplankton,  and 
detritus.  In  either  case,  the  magnitude  of  EXTINS  should 
be  the  same  in  both  models.  It  should  typically  be  of  the 
same  order  of  magnitude  as  EXTINP. 

14.  EXTTNP  is  the  self-shading  coefficient  due  to 
organic  particulate  matter  in  CE-QUAL-Rl  ( l/m*mq/L) .  The 
self-shading  coefficient  represents  the  decreased  light, 
penetration  or  increased  light  extinction  resulting  from 
phy toplank ton,  zooplankton,  and  detritus  suspended  in  the 
water  column.  The  light  extinction  coefficient  in 
subroutine  HEAT  is  modified  as  a  function  of  the 
concentrations  of  these  three  constituents.  Most 
measurements  of  EXTINP  refer  only  to  algal  biomass;  it  is 
assumed  in  CE-QUAL-Rl  that  light  extinction  due  to 
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zooplankton  and  detritus  is  numerically  equivalent  to  that 
due  to  phytoplankton.  Megard  et  al.  (1980)  and  Smith  and 
Baker  (1978)  determined  that  each  microgram  per  liter  of 
chlorophyll  increased  the  light  extinction  coefficient  by 
about  0.022  and  0.016/m,  respectively .  Assuming  a  ratio 
of  carbon  to  algal  biomass  of  0.45  and  a  carbon/chlorophyll 
(C/chl)  ratio  of  50,  then  algebraical ly  each  milligram  per 
liter  of  algal  biomass  should  increase  the  light  extinction 
coefficient  by  about  0.20  to  0.14/m,  respectively.  The 
range  of  C/chl  ratios,  however,  varies  from  25-150, 
resulting  in  a  range  of  self-shading  coefficients  from 
0.40/m*my/L  to  0.047/m  .  g/L.  Values  near  0.10  have 
previously  produced  reasonable  results  (Environmental 
Laboratory  1982). 

15.  Light  extinction  by  algae  is  computed  from  i n 
situ  light  intensity  measurements  at  depth  intervals  and 
in  situ  determinations  of  chlorophyll  a  using  the  modified 
Lambert-Bouyuer  Law  (Kegard  et  al.  1980)  .  Bannister  (1979) 
extracted  chlorophyll  from  cell  suspensions  and  measured 
the  absorption  spectrum  to  obtain  the  mean  extinction 
coefficient.  Theoretical  estimates  for  attenuation  of 
photosynthet ica 1 ly  active  radiation  by  chlorophyll  a  in 
algae  range  between  0.06  and  0.018,  depending  on  the  size 
and  chloro|hyll  content  of  cells  and  colonies  (Kirk  1975)  . 
The  extinction  coefficient  was  determined  to  range  between 
0.0066  and  0.0205  1  r.*mq  m3  in  laboratory  analysis 

(Bannister  1979).  Vale  s  for  se 1 ! -slum i ng  coctticionts 
are  .  j  i.  v,  n  in  Tab « e  Values  shown  in  this  table  we  re 

oi  i*i  i  i.a  l  1  ivji'iiul  m  units  •  :  1  m*.u  chi  a  I.,  and  have 

been  core.  i  led  t  <  units  anew  i  .  Ci'-yl  Al  -  k  1  assuminc  a 

C.  ch  1  .  c  i  Ot  A)  an!  a  C  i  ■  1 *.  f.  i  s 1 :  i  a  •  l  <  •  .  ;  0.4a. 
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Table  3 

Self-shading  coefficients  due  to  particulate  matter 

( l/m*mg/L) 


TYPE 

COMMENT 

VALUE 

REFERENCE 

Suspensoids 

Suspensoids 

average 

Lake  Paajarvi, 

0.12 

Verduin  1982 

Finland 

0.24 

Verduin  1982 

Organic  matter 

Pacific  Ocean 

0.047 

Verduin  1982 

Phytoplankton 
Phytoplankton  - 

Pacific  Ocean 

C/Chl  ratio  =  120 

0.033 

Verduin  1982 

diatoms 

Phytoplankton  - 

dry  wt/C  ratio  =  4 
C/Chl  ratio  =  30 

0.058 

Verduin  1982 

diatoms 

Phytoplankton  - 

dry  wt/C  ratio  =  4 
C/Chl  ratio  =  100 

0.014 

Verduin  1982 

greens 

Phytoplankton  - 

dry  wt/C  ratio  =  2 
C/Chl  ratio  =  30 

0.024 

Verduin  1982 

greens 

Phytoplankton 

dry  wt/C  ratio  =  2 
Shagawa  Lake, 

0.007 

Verduin  1982 

Minnesota 

0.03 

Megard  et  al 
1980 
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Phytoplankton 


TPRESP 

16.  TPRESP  is  the  maximum  phytoplankton  respiration 
rate  ( 1/day) .  Although  two  compartments  are  available  to 
simulate  phytoplankton,  a  single  respiration  rate 
coefficient  is  used  and  should  reflect  the  composite 
nature  of  the  species  assemblages.  TPRESP  should  include 
dark  respiration  and  photorespiration.  Endogenous  or  dark 
respiration  (mitochondrial)  refers  to  the  oxygen 
consumption  associated  primarily  with  oxidative 
phosphorylation  and  which  produces  carbon  dioxide. 
Photorespiration,  commonly  refered  to  as  excretion,  is  the 
release  of  dissolved  organic  matter  (glycolate)  and  carbon 
dioxide  that  occurs  during  light  periods;  it  is  the 
oxygen-sensitive  loss  of  carbon  dioxide  during 
photosynthesis,  stimulated  by  an  increase  in  temperature  or 
oxygen  concentration  (Birmingham  et  al.  1982). 

17.  Measurement  of  dark  respiration  in  the  light  is 
hampered  by  the  presence  of  photosynthetic  oxygen 
production  and  photorespiratory  oxygen  consumption;  this 
precludes  direct  measurement  in  the  light  using  a  p02 
electrode.  Oxygen  consumption  in  the  dark  depends  on  the 
previous  light  history  in  several  ways.  The  duration, 
spectrum  and  magnitude  of  light,  as  well  as  other  factors, 
determine  the  type  and  amount  of  photosynthate  produced. 
Subsequent  respiration  in  the  dark  will  be  affected  by  the 
metabolism  of  the  photosy nthatc  and  by  certain  diel 
rhythms.  The  previous  light  history  thus  may  affect  the 
dark  respiration  for  many  hours  after  a  light-dark 
transition.  Transient  phenomena  in  oxyuen  exchange  also 
are  noted  for  approximately  10  min  after  the  light-dark 
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transition.  Therefore,  determination  of  oxygen  consumption 
should  be  made  after  a  5-  to  10-min  acclimation  to  a  dark 
environment.  It  can  be  measured  polarographical ly  using  an 
oxygen  electrode,  manometr ica 1 ly ,  or  chemically. 

18.  Respiration  rates,  in  many  instances,  are 
expressed  as  milliters  of  oxygen  consumed  per  milligram  of 
organism  dry  weight  per  hour.  Since  the  model  formulation 
requires  units  of  1/day,  these  values  must  be  converted. 

For  values  in  this  report,  the  method  outlined  on  page  188 
of  the  User's  Manual  (Environmental  Laboratory  1982)  was 
used.  In  addition,  respiration  values  in  Table  4  are  in 
continuous  form. 

19.  The  amount  of  excretion  of  organic  matter  by 
phytoplankton  is  commonly  expressed  as  a  percent  of 
photoassimilated  carbon.  It  is  measured  using  14C  as  a 
tracer  in  photosynthetic  uptake  rate  studies.  After 
incubation  and  filtration  of  the  algae,  the  filtrate  is 
then  acidified  and  either  (a)  bubbled  with  air  for  2  hr  or 
(b)  allowed  to  stand  overnight  in  a  dessicator  of  sodium 
hydroxide  pellets.  Rates  of  carbon  dioxide  release  in  the 
light  are  lower  than  rates  of  dark  respiration  (Birmingham 
et  al.  1982).  Percent  extracellular  release  (PER)  values 
reported  in  the  literature  range  from  7  to  50  for  natural 
phytoplankton  populations  (Nalewajko  1966).  Berman  (1976) 
reported  PER  values  of  3  to  32  for  natural  phytoplankton 
populations  in  Lake  Kinneret. 

20.  The  values  given  in  Table  4  for  dark  respiration 
rates  are  usually  determined  for  a  1-hr  time  period. 
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Table  4 


Phytoplankton  dark  respiration  rates  fl/day) 


SPECIES 

TPRESP 

REFERENCE 

Mesodinium  rubrum 
Thalassiosira  allenii- 

0.05 

Smith  1979 

small  cells 

Thalassiosira  allenii- 

0.14-0.59 

Laws  and  Wong  1978 

large  cells 

0.05-0.42 

Laws  and  Wong  1978 

Monochrysis  lutheri 

0.15-0.32 

Laws  and  Wong  1978 

Dunaliella  teriolecta 

0.12-0.46 

Laws  and  Wong  1978 

Anabaena  variabilis 

0.10-0.92 

Collins  and  Boylen 
19  82a 

Coscinodiscus  excentricus 

0.075-0.11 

Riley  and  von  Aux 
1949 

Chlorella  pyrenoidosa 

0.01-0.03 

Myers  and  Graham 
1961 

Phytoplankton 

0.05-0.10 

Ryther  1954 

TPMAX 

21.  TPMAX  is  the  maximum  gross  photosynthetic  rate 
(1/day) .  CE-QUAL-R1  uses  gross  production  rates  to 
simulate  the  rate  of  change  of  algal  biomass  through  time. 

22.  The  physiological  processes  of  phytoplankton  that 
are  being  modeled  are  gross  production  and  respiration. 
Gross  production  is  the  total  rate  of  photosynthesis,  which 
includes  the  storage  rate  of  organic  matter  by  the 
phytoplankton  (net  production)  plus  the  organic  matter 
used  by  phytoplankton  in  respiration.  That  is, 

gross  production  =  net  production  +  respiration  (7) 

23.  Net  production  is  the  organic  matter  used  for 
other  processes  such  as  zooplankton  grazing,  sinking, 
excretion,  and  nonpredatory  mortality.  Extreme  care  must 
be  used  in  estimating  these  rates  because  the  rates  are 
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often  dependent  on  the  experimental  design.  For  example, 
the  maximum  growth  rate  is  often  used  in  modeling  studies 
(see,  for  example,  the  Preliminary  Generalized  Computer 
Program,  Water  Quality  for  River-Reservoir  Systems,  Oct. 
1978,  U.  S.  Army  Engineer  Hydrologic  Engineering  Center, 
Davis,  Calif.) .  The  respiration  rate  is  subtracted  from 
the  maximum  growth  rate  in  order  to  predict  a  new  mass. 
However,  the  values  of  growth  found  in  the  literature  are 
most  equivalent  to  net  production  in  the  above  equation 
and  have  already  accounted  for  respiration;  in  other  words, 
the  model  may  predict  low  phytoplankton  values  because 
respiration  is  being  accounted  for  twice.  If  growth  is 
measured  as  the  difference  in  mass  between  two  points  in 
time,  it  must  be  realized  that  algae  may  have  been  lost  to 
grazing,  sinking,  etc.  Also,  the  true  growth  figure  is 
actually  higher  than  reported. 

24.  Values  are  often  reported  as  "production "  without 
mention  as  to  whether  the  figures  represent  gross  or  net 
production,  and  the  reader  may  have  to  evaluate  the 
experimental  design  to  determine  the  correct  value. 

25.  There  are  four  general  methods  used  to  measure 
phytoplankton  primary  productivity  (Janik  et  al.  1981). 
These  involve  the  measurement  of  (a)  changes  in  the  oxygen 
content  of  water,  (b)  changes  in  the  carbon  dioxide  content 
of  water,  (c)  incorporation  of  1 'carbon  tracers  into  the 
organic  matter  of  phytoplankton,  and  (d)  measures  of 
chlorophyll.  Readers  should  refer  t o  Janik  et  al.  (1981) 
to  'tain  insight  into  the  ;  rob  1  eras  associated  with  the  four 
methods.  For  exarg  le,  t  he  1  'carbon  technique  eives  a 
measurement  which  is  between  not  and  cross  production, 

d  •  :  endin'!  or.  the  length  of  the  experiment  (Whittaker  1975)  . 

2'..  ’i  he  most  frequently  used  met  hod  for  measuring 
;  rim. try  :  reduction  by  phyto;  1  .ink  ton  has  boon  photosynthet  i  c 
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oxygen  evolution  and  1;‘C  uptake.  The  ]  iciht-  and 
dark-bottle  luC  technique  of  Stoemann-Niel sen  (1952) 
requires  the  lowering  of  pairs  of  bottles  injected  with 
II 1  ;,C03  to  fixed  depths  in  the  water  column  for  time  periods 
of  1-5  hrs  or  by  incubating  the  bottles  under  known 
conditions  of  light  and  temperature. 

27.  Under  optimal  conditions,  a  culture  grows  so  that 
the  rate  of  addition  of  cells  is  proportional  to  the  number 
present  (i.e.,  exponential  growth) .  Cells  divide  in  a 
characteristic  time  called  the  division,  generation,  or 
doubling  time.  Population  growth  follows  the  solution  to 
the  equation 

d X  dr  { 8 ) 

where 

X  •-  the  number  or  c^ro-  ■ f  re  ’  1  s  in  the 

i’u  1  t  uro 

t.  --  the  tine 

k  =  the  growth  constant  -  <1  t ' 

The  solution  to  this  equation  is 

k  w  ln(N  \  ) /(t-t  )  (9) 

o  o 

Subscripts  denote  values  at  a  known  initial  time,  and  In 
indicates  natural  logarithms . 

28.  The  urowth  constant  k  is  the  number  of  the 
logarithm- to-tho-baso-o  units  of  increase  nor  day.  Growth 
rate  is  sometimes  expressed  as  lognrithm-to-base-10  units 
of  increase  per  day,  k^;  or  as  logarithm- to-base- 2  units 
per  day,  k., , 

who  re 

k  .  n  -  loci  ( N/N  )  /  ( t- 1  )  (10) 

10  o  o 

k  9  =  log2  (N/Ko) / ( t-to)  (11) 

Conversions  amonq  the  expressions  are  as  follows:  let 
k  =  growth  rate  measured  in  In  units 

k|Q  iirowth  rate  measured  in  log^  units 

)  2 
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k  2  = 

g rowth 

rate  measured  in  loq.,  units 

Now 

let  a  n 

a  lqa  1 

population  of  interest  double  in 

one  day . 

Then 

) 

N  =- 
o 

1 

t-t 

o 

1 

and 

k  -  0.693  --  1  n  2 

(12) 

kio 

0.30  1  lo‘i10  2,  k  =  2.3026  k1Q 

(13) 

k  2  - 

1.0  -  loq.,  2,  k  =  0.6931  k 

l  14) 

Or , 

let  the 

a  1  qa  1 

population  quadruple  in  one  day. 

Then 

N  -  4 

-  1 
o 

t-t  -  1 
o 

U.’ld 


k  -  1 . 3 8 6  In 

4 

(15) 

1  0 

0  .  r  0  2  1  oq ^ 0  4  ,  k 

=  2.3026  k1Q 

(16) 

k2 

2.0  loq,  4,  k  = 

0.6931  k. 

(17) 

i  1  u  r  i  1  y 

,  let 

the  aiqal  population 

halve  in  one  day. 

11 

N 

0 . 3 

’ 

1 

t-t 

1 

let 

k  -0.693 

(18) 

k 1Q  -  -0.301,  k  -  2.3026  k1Q  (19) 

k2  -1.0,  k  =  0.6931  k2  (20) 

inn; ,  tin'  relation  between  the  various  qrowth  rates  is 
by 

k  =  2.3026  k 
-  0.6931  k2 
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(21) 

(22) 


/ 


The  composite  gross  production  rate  for  this  compartment 
should  also  represent  a  weighted  contribution  for  the 
dominant  species,  or  the  dominant  functional  groups,  to  be 
simulated  by  this  compartment. 

29.  Literature  values  for  TPMAX  are  given  in  Table  5. 
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Table  5 


Gross  product  ion  rates 

of  _phy 

toplankton  (1/day) 

SPEC  IKS 

TPMAX 

TEMP 

C  REFERENCE 

i)  IATOMS 

rtSterionolla  tormosu 

0.81 

20 

Holm  and  Armstrong  1981 

Aster lonel la  formosa 

0.69 

10 

Hutchinson  1957 

Astenonolla  formosa 

1  .  38 

20 

Hutchinson  1957 

Aster  lonel  la  formosa 

1  .66 

25 

Hutchinson  1957 

Astenonolla  formosa 

1.71 

20 

Foqq  1969 

Aster  lonel la  formosa 

0.28 

4 

Ta 1 1 l n  q  1955 

Astenonolla  formoSu 

0 . 69 

10 

Tallinq  1955 

Astenonolla  tormosa 

1  .  ?8 

20 

Tal  1  inq  19  55 

Astenonolla  formosa 

1  1 

20 

Hooqonhout  and  Amesz 

1965 

Astenonolla  formosa 

1 . 9 

18.5 

Hooqenhout  and  Amesz 

1965 

Astenonolla  lapomca 

1.19 

22 

Foqq  1969 

Astenonolla  japonica 

1  .  3 

18 

Hooqenhout  and  Amesz 

1965 

Astenonella  japonica 

1  .  7 

25 

Hooqenhout  and  Amesz 

1965 

Biddulphia  sp. 

1 . 9 

11 

Castenholz  1964 

Cose i nod i scus  sp. 

0.55 

18 

Foqq  1969 

Cyclotella  meneqhiniana 

0.  34 

16 

Hooqenhout  and  Amesz 

1965 

Cyclotella  nana 

3.4 

20 

Hooqenhout  and  Amesz 

1965 

Dotonula  conforvacea 

0 . 62 

2 

Smayda  1969 

Detonula  contervacea 

1  .  4 

10 

Hooqenhout  and  Amesz 

1965 

Ditylum  bnahtwellii 

2.  1 

20 

Paasche  1968 

Fraqilaria  sp. 

0 .85 

20 

Rhee  and  Gotham  1981b 

Fraqilaria  sp. 

1  .  7 

1  1 

Castenholz  1964 

Melos ira  sp. 

0.7 

11 

Castenholz  1964 

Navicula  minima 

1  .  4 

25 

Hooqenhout  and  Amesz 

1965 

Navicula  pelliculosa 

2.0 

20 

Hooqenhout  and  Amesz 

1965 

Nitzschia  closterium 

1  .  66 

27 

Harvey  1937 

Nitzschia  palea 

2  .  1 

25 

Hooqenhout  and  Amesz 

1965 

Nitzschia  turqidulJ 

2 . 5 

20 

Paasche  1968 

Phaeoaacty lum  tricornutum 

1.66 

25 

Foqq  1969 

Phaeodacty lum  tricornutum 

2 . 7 

19 

Hooqenhout  and  Amesz 

1965 

Rhizosolema  f rag 1 1 1  iss ima 

1.20 

21 

Iqnatiades  &  Smayda  1970 

Skeletonema  costatum 

1.26 

18 

Fogg  1969 

Skeletonema  costatum 

2  .  30 

20 

Jorgensen  1968 

Skeletonema  costatum 

1 . 52 

20 

Steemann-Nielsen  and 

Jorgensen  1968 

Skeletonema  costatum 

1.23 

20 

Jitts  et  al.  1964 

Synedra  sp. 

1.2 

11 

Castenholz  1964 

Tha lass ios i ra 

nordenskioldii 

0.77 

13 

Jitts  et  al.  1964 

natural  diatom  community 

3.10 

20 

Verduin  1952 

GREENS 

Ankistrodesmus  braunii 

2.33 

25 

Hooqenhout  and  Amesz 

1965 

Chlamydomonas  moewusii 

4 . 2 

Hooqenhout  and  Amesz 

1965 

Chlorella  pyrenoidosa 

2.22 

28 

Shelef  1968 

Cnlorella  ellipsoidea 

3.6 

25 

Hooqenhout  and  Amesz 

1965 

Chlorella  luteoviridis 

0.50 

22.4 

Hooqenhout  and  Amesz 

1965 

Chlorella  miniata 

0.87 

25 

hooqenhout  and  Amesz 

1965 

chlorella  pyrenoidosa 

2.14 

25 

Foqq  1969 
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Table  5  (continued) 


SPEC  IKS 

Chlorella  pyrenoidosa 
Chlorella  pyrenoidosa 
Chlorella  pyrenoidosa 
Chlorella  seccharophi lia 
Chlorella  vanegata 
Cnlorella  vulgaris 
Chlorella  vulgaris 
Dunaliella  tertiolecta 
Dunaliel la  tertiolecta 
Haematococcus  pluvialis 
Nanochloris  atornus 
Platymonas  subcordi formia 
Scenedesmus  sp. 
Scenedesmus  costulatus 
Scenedesmus  ooliquus 
Scenedesmus  obliquus 
Scenedesmus  quadricauda 
Scenedesmus  quadricauda 
Selenastrum  capr icornutum 
Selenastrum  westii 
Sticnococcus  sp. 

GOLDEN-BROWN 
Botrydiopsis  intercedens 
Bumillenopsis  brevis 
Cricosphaera  carterae 
Isochrysis  galbana 
Isochrysis  galbana 
Monochrysis  lutheri 
Monochrysis  lutheri 
Monodus  subterraneus 
Monodus  subterraneus 
Tribonema  aequale 
Tribonema  minus 
Vischeria  stellata 
Euglena  gracilis 
Euglena  gracilis 

DINOFLAGGELATE 
Amphidinium  carteri 
Amphidinium  carteri 
Ceratium  tripos 
Gonyaulax  polyedra 
Gymnodinium  splendens 
Peridinium  sp. 
Prorocentrium  gracile 
Prorocentr ium  micans 
Prorocentrium  micans 


TP MAX  TEMP  °C 

1.95  25.5 

9.00  39 

9.2  39 

1.2  25 

0.86  25 

2.9  25 

1.59  20 

1.0  16 

0.77  36 

1.2  23 

1.0  20 

1.5  16 

1.34  20 

2.0  24.5 

2.11  20 

2.2  25 

4.1  25 

2.29  27 

2.45  27 

1.0  25 

0.70  20 


1.5  25 

2  .9  25 

0.82  18 

0.55  20 

0.80  25 

1.5  15 

0.39  24 

0.93  25 

0.39  30 

0.70  25 

1.00  25 

0.70  25 

2.2  25 

0.00  36 


1.88  18 

0.32  32 

0.20  20 

2.1  21.5 

0.92  20 

0.90  18 

0.83  18 

0.71  25 

0.30  20 


REFERENCE 

Sorokin  and  Myers  1953 
Castenholz  1969 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Goldman  and  Graham  1981 
Hoogenhout  and  Amesz  1965 
Hitts  et  al.  1964 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Rhee  and  Gotham  1981b 
Hoogenhout  and  Amesz  1965 
Goldman  and  Graham  1981 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Goldman  et  al.  1972 
Goldman  et  al.  1972 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 


Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Fogg  1969 
Fogg  1969 

Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Jitts  et  al.  1964 
Hoogenhout  and  Amesz  1965 
Fogg  1969 

Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Marre  1962 


Fogg  1969 

Jitts  et  al.  1964 

Fogg  1969 

Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Hoogenhout  and  Amesz  1965 
Fogg  1969 
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Table  5 

(concluded ) 

SPECIES 

TPMAX 

TEMP  °C 

REFERENCE 

BLUEGREENS 

Agmenellum  quadr lplat lcum 

8.0 

39 

Hooqenhout 

and  Amesz 

1965 

Anabaena  cylindrica 

0.96 

25 

Hoogenhout 

and  Amesz 

1965 

Anabaena  vanabilis 

3.9 

34.5 

Hooqenhout 

and  Amesz 

1965 

Anacystis  nidulans 

2.9 

25 

lloonenhout 

and  Amesz 

1965 

Anacystis  nidulans 

8.28 

38 

Marre  1962 

Anacystis  nidulans 

11.00 

40 

Castenholz 

1969 

Chloropseudomonas 

ethyl lcum 

3.3 

30 

Hoogenhout 

and  Amesz 

1965 

Cyanidiun  caldarium 

2.4 

40 

Hooqenhout 

and  Amesz 

1965 

Cy 1 indrospermum  sphaerica 

0.17 

25 

Hoogenhout 

and  Amesz 

1965 

Gloeotrichia  echinulata 

0.20 

26.5 

Hoogenhout 

and  Amesz 

1965 

Microcystis  aeruqinosa 

0.25 

20 

Holm  and  Armstrong  1981 

Microcystis  aeruqinosa 

1.6 

23 

Hoogenhout 

and  Amesz 

1965 

Microcystis  luminmosis 

1.50 

40 

Castenholz 

1969 

Nostoc  muscorum 

2.9 

32 . 5 

Hooqenhout 

and  Amesz 

1965 

Oscillatoria  prmcips 

0.50 

40 

Castenholz 

1969 

Oscillatoria  subbrevis 

5.52 

38 

Marre  1962 

Oscillatoria  terebriformis 

3.36 

40 

Castenholz 

1969 

Oscillatoria  rubescens 

5.04 

30 

Zimmerman  1969 

Rhodo pseudomonas 

sphaeroides 

10.8 

34 

Hoogenhout 

and  Amesz 

1965 

Rhodospirllum  rubrura 

4.85 

25 

Hoogenhout 

and  Amesz 

1965 

Schizothrix  calcicola 

3.4 

30 

Hoogenhout 

and  Amesz 

1965 

Synechococcus  li vidus 

4.98 

40 

Castenholz 

1969 

Synechococcus  sp. 

8.0 

37 

Hoogenhout 

and  Amesz 

1965 

Tolypothrix  tenuis 

4.0 

38 

Hoogenhout 

and  Amesz 

1965 

Leptocylmdrus  dameus 

0.67- 

10- 

2.0 

20 

Verity  1981 

Anabaena  variabilis 

0.07- 

10- 

2.0 

35 

Collins  and 

1  Boylen  1982a 

2 ' 


TSETL 


30.  TSETL  is  the  phytoplankton  settling  rate  (m/day) 
Mechanisms  of  suspension  can  influence  the  settling  or 
sinking  rate  of  algae.  Morphological  mechanisms  include 
cell  size,  colony  formation,  cyclomorphos is ,  protuberances 
and  flagella.  Physiological  mechanisms  include  fat  accu¬ 
mulation;  regulation  of  ionic  composition  of  cell  sap;  and 
the  response  of  an  organism  to  light,  photoperiod,  and 
nutrient  concentration.  Physical  mechanisms  include  water 
viscosity  and  the  role  of  water  movements. 

31.  Two  methods  used  to  measure  sinking  rates  experi 
mentally  are  (a)  the  settling  chamber  method  with  or  with¬ 
out  the  use  of  a  microscope,  and  (b)  the  photometric  tech¬ 
nique.  In  the  settling  chamber,  the  descent  time  is 
determined  (a)  by  following  with  a  microscope  or,  in  the 
case  of  large  particles,  with  the  naked  eye,  the  cell  tra¬ 
jectory  between  two  marks  at  a  known  distance  apart;  (b) 
by  measuring  the  time  a  cell  takes  to  fall  to  the  bottom 
of  a  settling  chamber  of  known  height  placed  on  the  stage 
of  an  inverted  scope;  or  (c)  using  a  1-mm-Jeep  Sedgwick 
Rafter  counting  chamber  with  a  compound  microscope.  Esti¬ 
mation  of  relative  sinking  rate  has  been  obtained  by 
placing  a  well-mixed  suspension  of  phytoplankton  into  a 
graduated  cylinder  and  determining  the  concentration  in 
various  layers  after  a  given  time. 

32.  Photometr ic  determination  of  sinking  rate  mea¬ 
sures  changes  in  optical  density  of  a  phytoplankton  sus¬ 
pension  measured  at  750  nm  after  introducing  the  phyto¬ 
plankton  suspension  into  a  cuvette. 

33.  Those  techniques  are  influenced  by  the  "wall- 
effect,"  that  is,  the  effect  of  the  settling  chamber  wall 


and  convection  current  on  the  sinking  velocity. 


To  provid 


adequate  fall  for  attainment  of  terminal  velocity  and  to 
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minimize  overcrowding,  the  selection  of  chamber  size  is 
important . 

34.  The  sinking  rates  of  natural  populations  have 
also  been  determined  by  comparing  changes  in  population 
density  with  depth  and  calculating  a  mean  rate  of  descent. 
However,  determination  of  sinking  rate  in  situ  is  compli¬ 
cated  by  water  movements  and  losses  due  to  grazing.  Mathe¬ 
matical  expressions  may  also  be  used  to  determine  sinking 
rates  (Riley  et  al.  1949). 

35.  The  application  of  experimentally  determined 
sinking  rates  to  natural  populations  or  ecosystem  models 
must  be  qualified  and  used  with  caution.  In  lakes  and 
reservoirs,  vertical  gradients  of  light,  temperature,  and 
nutrient  concentration  contrast  with  the  constancy  of  the 
settling  chamber  and  photometer  cuvette  environments  in 
sinking  experiments.  The  influence  of  light  and  nutrients 
on  sinking  rates  together  with  the  turbulent  motion  of  the 
natural  environment  suggest  that  in  vitro  sinking  results 
may  not  be  particularly  representative  of  natural  popula¬ 
tions.  Values  for  settling  rates  are  given  in  Table  6. 
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Table  6 

Phytoplankton  settling  rates  (m/day) 


SPECIES 

DIATOMS 

EXPERIMENTAL  STUDIES 
Asterionella  formosa 
Astenonella  formosa 
Bacter lastrum  hyalinum 
Chaetoceros  didymas 
Chaetoceros  lauderi 
Chaetoceros  lauderi 
Chaetoceros  spp. 
Chaetoceros  spp. 
Chaetoceros  spp. 
Coscmodiscus  wailesii 
Cose inodiscus  sp . 
Coscmodiscus  sp. 
Cyclotella  meneghiniana 
Cyclotella  nana 
Ditylum  brightwellii 
Ditylum  orightwellii 
Ditylum  brightwellii 
Fragilaria  crotonensis 
Leptocyl indrus  dar.icus 
Melosira  agassizn 
Nitzschia  closterium 
Nitzschia  seriata 
Nitzschia  serial  a 
Phaeodactylum  tncornutum 
Phaeodactylum  tricornutum 
Rhizosolenia  hebetata 
f  .  semispina 
Rhizosolenia  setigera 
Rhizosolenia  setigera 
Rhizosolenia  stolterfotfii i 
Rhizosolenia  spp. 
Sxeletonema  costatum 
Stephanopyxis  turns 
Stephanopyxis  turris 
Thalassionema  nitzschiodes 
Thalassiosira  fluviatilis 
Thalassiosira  cf.  nana 
Thalassiosira  rotula 
Thalassiosira  rotula 
Thalassiosira  spp. 

THEORETICAL 

Diatoms 


TSETL 


0.26-0.76 

0.4 

0. 39-1.27 
0.85 

0.46-1.54 

0.46-1.54 

0.25 

5.0 

4.0 

7.0-30. 
1.95-6. 
14.7 

0.08-0.24 

0.16-0.76 

0.60-3.09 

2. 

5.8-8 . 6 
0.27 

0.08-0.42 
0.67-1. 
0.52 
4.0 

0.35-0. 
0.05-0.06 
0. 02-0.04 


,2 

.83 


.87 


.  50 


0.22 

0.11-2.23 
0.10-6.30 
1.0-1. 9 
0-0.72 
0.30-1.35 
1 . 1 
2.1 

0 . 35-0.78 
0.60-1.10 
0.10-0.28 
1.15 

0.39-2.10 

0-0.16 


0.3 


REFERENCE 


Smayda  1974 
Margalef  1961 
Smayda  6.  Boleyn  1966 
Eppley  et  al.  1967b 
Smayda  6  Boleyn  1966 
Smayda  6.  Boleyn  1966 
Margalef  1961 
Sverdrup  et  al.  1942 
Allen  1932 
Eppley  et  al.  1967b 
Eppley  et  al.  1967b 
Eppley  et  al .  1967b 
Titman  and  Kilham  1976 
Eppley  et  al.  1967b 
Eppley  et  al.  1967b 
Eppley  et  al.  1967b 
Gross  6  Zeuthen  1948 
Burns  and  Ross  1980 
Margalef  1961 
Titman  and  Kilham  1976 
Margalef  1961 
Allen  1932 

Smayda  &  Boleyn  1965 
Riley  1943 
Riley  1943 


Eppley 

Smayda 

Smayda 

Eppley 

Margale 

Smayda 

Eppley 

Eppley 

Smayda 

Eppley 

Smayda 

Eppley 

Smayda 

Margale 


et  al.  1967b 
&  Boleyn  1966 
&  Boleyn  1966 
et  al.  1967b 
f  1961 

&  Boleyn  1966 
et  al.  1967b 
et  al.  1967b 
( unpub 1 . ) 
et  al .  1967b 
&  Boleyn  1965 
et  al.  1967b 
&  Boleyn  1965 
f  1961 


Bramlette  1961 


Table  6  (concluded) 


SPECIES 

TSETL 

REFERENCE 

DJ  NOFLAGELLATES 

EXPERIMENTAL  STUDIES 
Gonyaulax  polyedra 

2. 8-6.0 

Eppley  et  al. 

1967b 

COCCOLITHOPHORIDS 
EXPERIMENTAL  STUDIES 
Coccolithus  huxleyi 

0 .28 

Eppley  et  al  . 

1967b 

Coccolithus  huxleyi 

1 . 20 

Eppley  et  al  . 

1967b 

Cncosphaera  carterae 

1.70 

Eppley  et  al . 

1967b 

Cncosphaera  elongata 

0.25 

Eppley  et  al . 

1967b 

Cyclococcol ithus  fracilis 

13.2 

Bernard  1963 

Cyclococcol i thus  fragilis 

13.6 

Bernard  1963 

Cyclococcol 1  thus  fragilis 

10.3 

Bernard  1963 

THEORETICAL 

Coccoliths 

1 . 5 

Bramlette  1961 

MICROFLAGELLATES 

EXPERIMENTAL  STUDIES 
Cryptomonas  erosa 

0.31 

Burns  and  Rosa 

1980 

Cryptomonas  marsonii 

0.32 

Burns  and  Rosa 

1980 

R.iodomonas  minuta 

0.07 

Burns  and  Rosa 

1980 

Dunaliella  tertiolecta 

0 . 18 

Eppley  et  al . 

1967b 

Monochrysis  lutheri 

0.39 

Eppley  et  al. 

1967b 

Monochrysis  lutheri 

0.39 

Apstein  1910 

GREENS  EXPERIMENTAL 

Closterium  parvulum 

0.18 

Burns  and  Rosa 

1980 

Dunaliella  tertiolecta 

0.18 

Eppley  et  al. 

1967b 

Lagerhaemia  quadriseta 

0.08 

Burns  and  Rosa 

1980 

Scenedesmus  acutiformis 

0.10 

Burns  and  Rosa 

1980 

Selonastrum  minutum 

0.15 

Burns  and  Rosa 

1980 

ULUEGREENS  EXPERIMENTAL 

Anabaena  spiroides 

0.10 

Burns  and  Rosa 

1980 

Gomphosphaer ia  lacustris 

0.11 

Burns  and  Rosa 

1980 

/ 


PS2P04 

36.  PS2P04  is  the  phosphorus  half-saturation  coeffi¬ 
cient  (HSC)  (mg/L) .  In  practical  terms,  the  HSC  of  a  nu¬ 
trient  approximately  marks  the  upper  nutrient  concentration 
at  which  growth  ceases  to  be  proportional  to  that  nutrient. 
The  modeled  uptake  of  phosphorus  by  algae  follows  Monod  ki¬ 
netics.  The  value  of  the  HSC  can  be  calculated  for  the 
hyperbola  using  the  Monod  equation.  PS2P04  is  defined  as  the 
concentration  of  phosphorus  at  which  the  rate  of  uptake  is 
one-half  the  maximum. 

37.  Hal f-saturation  coefficients  generally  increase 
with  nutrient  concentrations  (Hendrey  and  Welch  1973, 
Carpenter  and  Guillard  1971,  and  Toetz  et  al .  1973).  This 
fact  reflects  both  the  change  in  species  composition  of  the 
phytoplankton  assemblage  and  the  adaptation  of  the  plankton 
to  higher  nutrient  levels.  A  reservoir  characterized  by 
low  nutrient  concentrations  is  generally  also  characterized 
by  low  half-saturation  coefficients.  Phosphorus  is  commonly 
the  nutrient  that  limits  the  growth  of  algae  in  lakes  and 
reservoirs . 

38.  The  procedure  of  measuring  a  phosphorus  half¬ 
saturation  coefficient  involves  the  measurement  of  the  net 
rate  of  loss  of  dissolved  orthophosphate  from  the  medium 
in  which  the  experimental  population  is  suspended. 

39.  Units  of  measurement  must  be  expressed  in  terms 
of  the  chemical  element  and  not  the  compound;  i.e.,  the 
half-saturation  constant  for  phosphorus  should  be  specified 
as  mg/L  of  phosphorus  and  not  mg/L  of  orthophosphate.  Micro¬ 
moles  per  liter  or  microgram-atom  values  may  be  converted 

by  multiplying  by  the  molecular  weight  of  the  element 
times  10  .  Values  for  the  HSC  are  given  in  Table  7. 
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SPECIES 

PS2P04 

REFERENCE 

Asterionella  formosa 

0.002 

Holm  and  Armstrong  1981 

Asterionella  japonica 

0.014 

Thomas  and  Dodson  1968 

Biddulphia  sinensis 

0.016 

Quasim  et  al.  1973 

Cerataulina  Dergonii 

0.003 

Finenko  and  Krupatikina 

1974 

Chaetoceros  curvisetus 

0.074-. 105 

Finenko  and  Krupatikina 

1974 

Chaetoceros  social  is 

0.001 

Finenko  and  Krupatikina 

1974 

Chlorella  pyrenoidosa 

0. 38-. 475 

Jeanjean  1969 

Cyclotella  nana 

0.055 

Fuhs  et  al .  1972 

Cyclotella  nana 

0.001 

Fogg  1973 

Dmobryon  cylindricum 

0.076 

Lehman  (unpubl.  data) 

Dinobryon  sociale 
var.  americanum 

0.047 

Lehman  (unpubl.  data) 

Euglena  gracilis 

1 . 52 

Blum  1966 

Freshwater  phytoplankton 

0.02-.075 

Halmann  and  Stiller  1974 

Microcystis  aeruginosa 

0.006 

Holm  and  Armstrong  1981 

Nitzschia  act inas treoides 

0.095 

von  Muller  1972 

Pediastrum  duplex 

0.105 

Lehman  (unpubl.  data) 

Pithophora  oedogonia 

0.098 

Spencer  and  Lembi  1981 

Scenedesmus  obliquus 

0.002 

Fogg  1973 

Scenedesmus  sp. 

0.002-.05 

Rhee  1973 

Tha lassios ira  f luviat il is 

0.163 

Fogg  1973 

/ 


PS2N 

40.  PS2N  is  the  nitrogen  (N)  half-saturation  coeffi¬ 
cient  (mg/L)  .  Uptake  rates  of  nitrate  (N03)  or  ammonium 
(NH4 )  by  algae  give  hyperbolas  when  graphed  against  N03 

or  NH4  concentration  in  the  environment.  Half-saturation 
coefficients  (i.e.,  the  concentration  of  N  at  which  the 
rate  of  production  is  one-half  the  maximum)  can  be  calcu¬ 
lated  for  the  hyperbolas  using  the  Monod  equation.  This 
constant  reflects  the  relative  ability  of  phytoplankton 
to  use  low  levels  of  nitrogen. 

41.  The  role  of  N  as  a  growth-limiting  factor  has 
been  relatively  neglected  when  compared  with  phosphorus, 
presumably  because  the  latter  is  the  growth-limiting  factor 
in  most  natural  fresh  waters.  However,  it  has  been  found 
that  nitrogen  becomes  the  limiting  nutrient  where  phos¬ 
phorus  is  abundant  because  of  its  release  from  geological 
deposits  or  from  external  loadings. 

42.  There  are  several  methods  for  measuring  half¬ 
saturation  constants  for  N  limitation.  The  chemostat 
method  requires  the  measurement  of  the  remaining  nitrogen 
concentration  at  a  number  of  fixed  dilution  rates  (i.e., 
growth  rates)  in  nitrogen-limited  chemostat  cultures. 
Culture  media  are  prepared  with  nitrate  or  ammonium  as  the 
nitrogen  source,  with  one-fifth  or  less  than  the  usual 
amount  of  NO 3  or  NH4  added  to  the  culture  media  to  ensure 
that  during  growth,  nitrogen  will  be  depleted  before  other 
nutrients.  A  second,  less  desirable,  method  is  to  use 
nitrogen-starved  cells  as  an  innoculum  for  cultures  con¬ 
taining  known  concentrations  of  nitroqen  and  then  (a)  mea¬ 
sure  the  concentration  of  nitrogen  in  the  extracellular 
fluid  at  some  later  time  to  determine  the  rate  of  nitrogen 
uptake  and  (b)  measure  the  increasing  cell  concentration 
to  determine  growth  kinetics.  The  problems  associated 
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with  this  method  are  that  the  organisms  arc  poorly  adapted 
to  their  subsequent  growth  environment,  so  growth  can  occur 
only  after  uptake  of  a  substantial  amount  of  nitrogen. 

43.  Some  trends  can  be  seen  in  the  data  for  half- 

saturation  coefficients:  (a)  organisms  with  a  high  HSC 

for  nitrate  usually  have  a  high  HSC  for  ammonium  uptake  as 
well,  (b)  large-celled  species  tend  to  show  higher  HSC ' s 
(c)  fast-growing  species  tend  to  have  lower  HSC ' s  than 
slow  growers. 

44.  The  nitrogen  HSC  as  used  in  CE-QUAL-R1  should 
reflect  the  uptake  of  both  N03  and  NH4 .  Both  compounds 
are  taken  up  for  use  in  production  in  proportion  to  their 
concentration  in  the  layer. 

45.  A  factor  that  will  lead  to  selection  for  a  par¬ 
ticular  functional  group  or  species  is  the  availability  of 
combined  nitrogen.  In  situations  where  the  level  of  com¬ 
bined  nitrogen  is  relatively  low  compared  witn  other  essen¬ 
tial  elements  like  phosphorus,  those  bluegreen  species  that 
can  fix  nitrogen  will  be  at  a  selective  advantage.  Nitro¬ 
gen  fixation  is  not  explicitly  included  in  the  model  for¬ 
mulation  for  phytoplankton;  however,  if  bluegreen  algae 
are  an  important  component  in  one  of  the  compartments,  the 
nitrogen  half-saturation  coefficient  may  have  to  be  re¬ 
duced  to  a  low  value  to  reflect  nitrogen  fixation.  Values 
for  tin  SC  for  nitrogen  are  given  in  Table  8. 
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Table  8 

Phytoplankton  half-saturation  coefficients  for  M  limitation  (mg/L) 


N 


SPECIES 

PS2N 

SOURCE 

REFERENCE 

DIATOMS 

Biddulphia  aurita 

0 . 056- . 197 

N03 

Underhill  1977 

Chaetoceros  gracilis 

0.012 

NO  3 

Eppley  et  al.  1969 

Chaetoceros  gracilis 

0.007 

N04 

Eppley  et  al.  1969 

Coscinodiscus  lineatus 

0 . 161 

HO  3 

Eppley  et  al.  1969 

Coscinodiscus  lineatus 

0.036 

NH4 

Eppley  et  al.  1969 

Cyclotella  nana 

0 . 0 25-  .  1 1 7 

N03 

Carpenter  &  Guillard  1971 

Cyclotella  nana 

0.111 

Maclssac  and  Dugdale  1969 

Cyclotella  nana 

0.027 

Caperon  and  Meyer  1972 

Cyclotella  nana 

0.031 

Eppley  et  al.  1969 

Cyclotella  nana 

0.007 

NH4 

Eppley  et  al.  1969 

Ditylum  brightwellii 

0.037 

NO  3 

Eppley  et  al .  1.69 

Ditylum  brightwellii 

0.020 

NH4 

Eppley  et  al.  1969 

Dunaliella  teriolecta 

0.013 

NO  3 

Caperon  and  Meyer  1972 

Dunaliella  teriolecta 

0.003 

HH4 

Caperon  and  Meyer  1972 

Dunaliella  teriolecta 

0.087 

N03 

Eppley  et  al.  1969 

Fraqilaria  pinnata 

0 .037-.  100 

N03 

Carpenter  &  Guillard  1971 

Leptocy lindrous  danicus 

0.078 

N03 

Eppley  et  al.  1969 

Leptocy lindrous  danicus 

0.013 

NH4 

Eppley  et  al.  1969 

Navicula  pelliculosa 

0.923 

NO  3 

Wallen  and  Cartier  1975 

Phaeodacty lum  tricornutum 

0.161 

NO  3 

Ketchum  1939 

Rhizosolenia  robusta 

0 . 186 

N03 

Eppley  et  al .  1969 

Rhizosolenia  robusta 
Rhizosolenia 

0.135 

NH4 

Eppley  et  al.  1969 

stolter fothii 
Rhizosolenia 

0.105 

N03 

Eppley  et  al  .  1969 

stolterfothii 

0.009 

NH4 

Eppley  et  al.  1969 

Skeletonema  costatum 

0.027 

N03 

Eppley  et  al.  1969 

Skeletonema  costatum 

0.014 

NH  4 

Eppley  et  al.  1969 

BLUEGREENS 

Anabaena  cylindrica 

4  .  34 

NO  3 

Hatton  1962 

Anabaena  cylindrica 

2.48 

N02 

Hattori  1962 

Asterionella  fornosa 

0.074-.093 

N03 

Eppley  and  Thomas  1969 

Asterionella  formosa 

0.062 

NH4 

Eppley  and  Thomas  1969 

Microcystis  aeruginosa 

0. 56-. 207 

NH4 

Kappers  1980 

Oscillatoria  agarthii 

0.22 

NO  3 

van  Liere  et  al.  1975 

MICROFLAGELLATES 

Bellochia  sp. 

0 . 001-.016 

N03 

Carpenter  &  Guill  d  1971 

Monochrysis  luthen 

0.026 

N03 

Caperon  and  Meyer  1972 

Monochrysis  lutheri 

0.052 

NH4 

Caperon  and  Meyer  1972 

Monochrysis  lutheri 

0.037 

N03 

Eppley  et  al.  1969 

Monochrysis  lutheri 

0.007 

NH4 

Eppley  et  al.  1969 

COCCOLITHOPHORIDS 

Coccolithus  huxleyi 

0.006 

NO  3 

Eppley  et  al.  1969 

Coccolithus  huxleyi 

0.002 

NH4 

Eppley  et  al.  1969 

Coccochloris  stagnina 

0.019 

NO  3 

Caperon  and  Meyer  1972 

(continued) 
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Table  8  (concluded) 


SPECIES 

GREENS 

Chlorella  pyrendoidosa 
Chlorella  pyrendoidosa 
Pithophora  oedogonia 

DINOFLAGELLATES 
Gonyaulax  polyedra 
Gonyaulax  polyedra 
Gymnodinium  splendens 
Gymnodinium  splendens 
Gymnodinium  wailesii 
Gymnodinium  wailesii 

CHRY30PHYTES 
Isochrysis  galbana 


PS2N 

N 

SOURCE 

0 .006-. 014 

1.15 

N02 

1.236 

N03 

0.589 

N03 

0.099 

NH4 

0.235 

NO  3 

0.019 

NH4 

0.223 

N03 

0.088 

NH4 

0.006 

N03 

REFERENCE 


Pickett  1975 
Knudsen  1965 
Spencer  and  Lembi  1981 


Eppley 

e  t 

al . 

1969 

Eppley 

et 

al . 

1969 

Eppley 

et 

al . 

1969 

Eppley 

et 

al  . 

1969 

Eppley 

et 

a  1 . 

1969 

Eppley 

et 

a  1 . 

1969 

Eppley 

et 

al . 

1969 

PS2C02 


46.  PS2C02  is  the  hal f -saturation  coefficient  for  car 
bon  dioxide  (nuj/L)  .  The  coefficient  is  used  in  the  Monod 
equation  to  determine  the  rate  factor  for  C02  limitation. 
PS2C02  is  defined  as  the  concentration  of  CU2  at  which  the 
rate  of  production  is  one-half  the  maximum.  In  practical 
terms,  the  HSC  approximately  marks  the  upper  nutrient  con- 
centation  at  which  ijrowth  ceases  to  be  proportional  to  that 
nutrient . 

47.  There  is  a  diversity  of  opinions  as  to  whether 

inomunic  carbon  (d)  limits  photosvnthes  is  in  phy topi unktor 
doldinun  et  a  1 .  11174)  have  .. ruuod  that  mmanic  c. i rben 

almost  never  limits  . :  row  t  h  in  natural  i  ]  ui  populations . 

In  contrast,  Kina  (1170)  has  shown  taut  0  7  availability 
limits  tile  arc  >wt  ii  oi  aquatic  popu  tat  ions  .  dchnson  et  a  1  . 
i  H70 )  demons t  rated  do 2  l.i::.itat  ion  in  lakes  o..»ntaminated  by 
acids  mine  wastes; ,  ana  Schindler  and  Pee  1 1  97  3 )  demonstrated 
d  limitation  in  i  l.b-a  durirs.s  the  sun::  i  r  when  lutn.aeii  and 
phosphorus  were  ava  l  i  able  .  darbon  diox  Lde  Limitation  is 
clearly  pi!  dependent .  i-’or  example ,  the  HSd  Mr  carbon 
dioxide-  aiven  in  Table  9  for  Scenedosmus  capri  cornu  turn 
increases  with  increasing  pH.  This  is  related  t-  the 
effect  of  pii  on  Liie  relative  proportions  of  the  i  nor  a  a  r.  ic 
carbon  species  of  carbon  dioxide,  bicarbonate  ion,  and 
carbonate  ion  in  solution.  Half-saturation  coefficient 
values  for  carbon  dioxide  are  aiven  in  Table  1. 


! 


r.ible  l> 


,r  I  ank  tot  ha  l  f  -sa t  ar  at  ion  cuv 


•  i  a  1  flits  fm 


St' KG  IJ'.S 

Ghluiella  vulqans 
C!'. Km  alia  I'Wisunn 
yllNf  i  bl  uearofii  Jla’je 
HiSfl  bluoqtcen  all-if 
XI SCO  bi  ucvireon  aKjae 
;;v-f!U'viosaiub  lJUlhiricauda 
ricftifdi'i’®111’  quav.li  i  a  a  udu 
Sci-ncdcsmus  quadr  icautla 
S  c  c  M  o  c  i  lui  s 

aai’i  lcorr.utum 

Sfetiodeswis 

capt  Kornutum 

^filK'JOEElUa 

v-oprii.-uiT.ut.uin 

Soonevlesanis  obi  iquus 


PS2i.\jd  pH  KAGdh 


0 . 20 

0.068- .411 

7.  1-7.2 

0.088 

0 . 0  1 1 

0.057 

0.14 

0.  lb 

0.54-. 71 

7.  1-7.2 

7 .25-1.  19 
7.44-7.61 

0.40-.41 

7.05-7.2 

0.63-1.0 

7.25-7 .  19 

1.2-1. 5 

0.16 

7.43-7.59 
7.  1-7.2 

CC'2  limitation  ma/b) 


R  EKE  R E  NC E 

Goldman  and  Graham  1981 
iioariia  1 1  and  Ravor:  19  81 
Goltprnar.  1975 
lorfstfi  19/1 
Sham i oh  1468 
Goldman  et  al .  19 '4 

i ;< ■  Idman  et  al  .  19/4 
Goldman  ot  al.  19  4 

Goldman  ot  al.  1974 

Goldman  ot  al.  1974 

Goldman  ot  al.  1974 
Goldman  and  Graham  1981 
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PS2L 

48.  PS2L  is  the  liqht  half -saturation  coefficient 
expressed  as  kcal/m2/hr.  It  is  the  liqht  intensity  at 
which  the  rate  of  production  is  at  one-half  the  maximum 
rate . 

49.  The  shape  of  the  curve  relating  liqht  and  pro¬ 
duction  has  been  studied  extensively.  Tt  is  qenerally 
known  that  (a)  at  lower  liqht  intensities,  production  pro¬ 
ceeds  linearly  with  increasinq  liaht  intensity  and  (b)  as 
intensity  is  increased  further,  the  product  ion  rate  tends 
towards  a  maximum  value.  The  simplest  representation  of 
this  response  is  che  Monad  function. 

50.  It  has  been  shown  that  the  photosynthet ic  rate 
of  certain  alaal  species  is  inhibited  at  h  iuh  liqht  inten¬ 
sities.  This  phenomenon  cannot  be  simulated  by  the  Monod 
function  used  in  Cl-ylAL-id  .  Other  formulations  have'  been 
developed  to  represent  this  effect  (Steele  1962) .  Photo- 
inhibition  at  h  iuh  1  iqht  intensities  may  be  more  important 
in  oli uotrophic  waters  than  in  eutrophic  waters. 

51.  The  value  of  this  parameter  can  be  obtained  by 
runninu  a  set  of  experiments  to  determine  the  production 
rate  at  various  liqht  intensities  ranqino  from  liuht- 
limitinq  to  1  iuht.-saturatinq  conditions.  The  value  can  bo 
determined  for  net  photosynthetic  rate  by  measurinu 
^carbon,  fixed  or  oxygen  evolved,  at  different  liqht 
levels.  The  liqht  half-saturation  constant  for  growth 
rate  can  be  determined  by  measuring  growth  rate  (i.e.  ,  by 
measuring  cither  dry  weight,  cell  volume,  chlorophyll  con¬ 
centration,  or  optical  density)  at  variuos  liqht  intensi¬ 
ties.  Values  for  the  iiSC  for  light  intensity  are  given  in 
Table  10. 
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Table  10 

Phytoplankton  hal f-saturat ion  coef  f lcients  f or  1  iyjh t  limi tat  ion 

ikcal/m^/hr) 


SPECIES 

rmphuliiuum  carteri 
Amph iprora  sp. 

Chlorolla  pyrenoidosa 
Chlo rophy te 
Chroomonas  salina 
Coccolithus  huxleyi 
Coccol i thus  huxleyi 
Cryptomonas  ovata 
Cyclotella  nana 
Ditylum  bnghtwelli 
Fragilaria  sp. 

Gonvaulax  polyedra 
Gonyaulax  polyedra 
Isochrysis  galbana 
Isochrysis  sp. 

Mixed  population 
Navicula  arenana 
Nitzschia  dissipata 
Oscillatoria  agardhn 
Phaeoaactylum 
tr icornutum 
Prorocentrum  micans 
Scenedesmus  protuberans 
Scenedesmus  sp. 
Scenedesmus  sp. 
Skeletonema  costatun 
Thalassiosira 
f luvat ills 
Thalassiosira 

nordensk loldi 1 


PS2L 

PROCESS 

5.75 

6 . 42 

growth 

12.7-38.0 

photosyn 

1 .2-4.2 

6.25 

growth 

1.2 

5.75 

16.0 

growth 

5.15 

growth 

5.4 

9.4 

g  rowth 

15.4-18.9 

q  rowth 

15 . 4-19.1 

photosyn 

6.18 

5.0 

q rowth 

16.0 

growth 

6.42 

growth 

6.64 

growth 

0.8 

growth 

51.0-71.4 

photosyn 

5.66 

2.57 

growth 

6.0 

growth 

6.8 

photosyn 

0. 18-4.2 

6.25 

growth 

12.0 

growth 

REFERENCE 

Dunstan  1973 
Admiraal  1977 
Myers  and  Graham  1961 
Bates  1976 
Hobson  1974 

Parsons  &  Takahashi  1973 
Dunstan  1973 
Cloern  1977 
Dunstan  1973 
Bates  1976 

Rhee  and  Gotham  1981b 

Prezelin  and  Sweeney  1977 

Prezelin  and  Sweeney  1977 

Dunstan  1973 

Hobson  1974 

Gargas  1975 

Admiraal  1977 

Admiraal  1977 

van  Lierre  et  al.  1978 

Li  and  Morris  1982 
Dunstan  1973 
van  Lierre  et  al.  1978 
Rhee  and  Gotham  1981b 
Rhee  and  Gotham  1981b 
Bates  1976 

Hobson  1974 

Durbin  1974 
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A LOT I ,  ALGT2,  ALGT3,  ALGT4 

52.  All  temperature  coefficients  are  in  degrees 
Cels i us . 

a.  ALGTl  is  the  lower  temperature  bound  at 
which  phytoplankton  metabolism  continues. 

b.  ALGT2  is  the  lowest  temperature  at  which 
processes  are  occurring  near  the  maximum  rate. 

c.  AI.GT3  is  the  upper  temperature  at  which 
processes  are  occurring  at  the  maximum  rate. 

d.  ALGT4  is  the  upper  lethai  t-emper  ature . 

Biological  temperature  curves  are  generally 
asymmetrical ,  with  the  maximum  rates  occur- 
n  •  nearer  the  upper  lethal  temperatures 
than  the  lower  temperatures. 

53.  Temper atur-'  acclimation .  'the  temperature  cocffi 
cients  for  algal  production  are  dependent  upon  the  acclima 
tion  temgerat  ire  and  the  lennth  of  time  the  alga  has  been 
exposed  to  this  temperature  (Colima  and  Bovlen  19o2b) 
since  ala, to  .u\  exposed  to  seasonal  temperature  changes  in 
various  reeions  of  the  hr,  i  ted  states.  i-'oi  example,  algae 

;  row  i.n,;  in  a  northern  loserv  i  will  have  a  lc>wer  optimum 
temp  ewteare  (A?  o'J  and  •  >•;  a  J  •nwwiir:  in  ■> 
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temperature,  and  day  lenqth  have  been  varied  simultaneously 
Often  the  algae  were  preconditioned  at  a  specific  combina¬ 
tion  of  these  factors,  which  may  help  in  parameter  estima¬ 
tion  for  a  particular  site.  Values  for  the  temperature 
coefficients  are  given  in  Table  11. 


Table  ll 

Temperature  coefficient s  for  phytoplankton  (°C) 


SPECIES 

Amph id i  ru  um  earteri 
Anacyst is  nidulans 
Asterionolla  formosa 
Aster  lonel la  formosa 
Aster lonel la  formosa 
Chlorolla  pyronoidosa 
Ch Lore  11a  pyrenoidosa 
Chlorolla  sp. 

Detor.ula  cur.fcrvactM 
Detonuln  confervacea 
LSitylun  briahtweliii 
Dunuliclla  teriolecta 
buniliella  tenolccta 
.•Ucrocyst  i  s  -n’  rue  mosa 
Monochtys  is  iuthori 
.utzsctud  elostenum 
Ncstoc  museeruni 
..  s  c  i  1 1  a  t  o  r  i  a 

t  o  robr  i  f  r-  r:n  l  s 
1  haeodj.-t  y  ]  uri 
t  r  l  rnu  *  ur 
•<1:  iZ'is  ■  1  ■  ‘n  i  i 

r  i  :  1  I  l  a--;  :  7 


ALGT1 

ALGT2 

ALGT  3 

ALGT  4 

18 

24 

35 

38 

40 

25 

25 

25 

29 

4 

20 

25 

1 

28 

38 

40 

7 

38 

40 

42 

20 

2  5 

0 

10 

12 

16 

1 

10 

L  3 

15 

J 

23 

26 

30 

o 

31 

33 

36 

12 

26 

26 

36 

38 

40 

0 

19 

22 

2  7 

30 

1 

31 

3  3 

36 

38 

40 

,) 

2  0 

21 

10 

2  1 


i 

1  J 

2  0 

1 , 

2  0 

2 

i  • 

REFERENCE 

Jitts  et  al.  1964 
Castenholz  1969 
Rhee  and  Gotham  1981a 
Hutchinson  1967 
Tailing  1955 
Clendenning  et  al .  1956 
Sorokin  5.  Krauss  1962 
Tamiya  et  al .  1965 
Guillard  &  Ryther  1962 
Smaydu  1969 
Paasche  1968 
Eppley  and  Sloan  1966 
Jitts  et  al.  1964 
Castenholz  1969 
Jitts  et  al.  1964 
Harvey  1955 

Clendennina  et  al.  1956 

Castenholz  1969 

Li  and  Morris  1982 

Innat  mdes  and  Srr.'tvda 
1970 

Knee  and  Gotham  1981a 
Joraenser.  1  t,  8 
?  teeriar.n  -Nielsen  ia: 

■  i  s<  user:  i  96R 

.'!*•••  '  :  .  .  '.  ‘  r  4 
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Zooplankton 


TZMAX 

55.  TZMAX  is  the  maximum  ingestion  rate  for  zooplank¬ 
ton  (1/day).  The  zooplankton  compartment  includes  the 
groups  Cladocera,  Copepoda ,  and  Rotatoria  which  are  classi¬ 
fied  as  either  herbivores  or  as  carnivores. 

56.  Two  types  of  feeding  behavior  exist:  filter 
feeding  and  grasping  feeding.  Duphnia  and  some  copepods 
are  filter  feeders.  They  collect  particulate  matter,  in¬ 
cludin'.)  algae  and  detritus,  by  sieving  lake  water  through 
the  fine  meshes  of  their  filtering  apparatus  (Jorgensen 
1975).  Algue  are  swept  into  the  feeding  appendages  to  the 
mouth  region  where  they  are  ingested  as  boluses  containing 
many  cells.  Filter-feeding  zooplankton  make  up  the  greater 
proportion  of  the  zooplankton  community  and  have  been 
studied  in  greater  detail. 

57.  The  filtering  rate  per  animal  decreases  as  food 
concentration  increases;  above  a  critical  concentration  of 
food,  the  feeding  rate  is  independent  of  food  concentration 

58.  Factors  that  influence  food  consumption  by  filter 
feeding  zooplankton  include  (a)  animal  density,  size,  sex, 
reproduct ivc  state,  nutritional  or  physiological  state  as 
well  as  (b)  the  type,  quality,  concentration,  and  particle 
size  of  food.  Other  factors  include  water  quality  and 
temperature . 

59.  A  second  type  of  feeding  behavior,  raptorial  or 
grasping  feeding,  is  exhibited  by  most  copepods  and  some 
cladocerans.  They  pursue  prey  and  grasp  large  particles, 
including  algae  and  detritus.  Apparently,  some  copepods 
can  switch  feeding  modes. 
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,  60.  Several  experiments  have  been  able  to  demonstrate 

i 

a  maximum  grazing  rate  allowing  for  long-term  acclimation 

to  food  concentration  above  the  incipient  limiting  level. 

Values  for  TZMAX  range  from  0.045  to  3.44  l/day. 

61.  Dissolved  organic  matter  (DOfi)  is  another  poten- 

'  tial  source  of  food  for  zooolnnkters ,  although  this  feedinq 

i 

transfer  is  not  modeled  m  CE-QUAL-R1 .  Values  for  maximum 
|  ingestion  rates  for  zooplankton  are  given  in  Table  12 . 

[  Table  12 

i  Maximum  l ngestion  rates  for  zooplankton  (  1  /day ) 


PREDATOR 

VALUE 

POOD  SOURCE 

REFERENCE 

* - 

- — - 

- - 

Bosmina 

0.01 

detritus 

Bogdan  and  McNauqht  1975 

Bracnionus  rubens 

3.438 

Chlorel la 

Cladocerans 

0.15 

vulgaris 

detritus 

Pilarska  1977 

Bogdan  and  McNauoht  1975 

Copepods 

0.10 

detritus 

Bogdan  and  McNauuht  1975 

Daphnia 

0.01 

detritus 

Boqdan  and  McNauqht  1975 

Daphnia  magna 

0.251 

Succharomyces 

Dapnma  magna 

0.452 

cemsiae 

Tot  rahymena 

McMahon  and  Rialer  1965 

Daphnia  magna 

0.301 

pyr l form is 
Chlorella 

McMahon  and  Rigler  1965 

Daphnia  magna 

0.045 

vulgaris 

Escherichia 

McMahon  and  Riqler  1965 

Daphnia  magna 

0.760 

col  i 

Chlorel la 

McMahon  and  Rigler  1965 

Daphnia  magna 

0  .  350 

vulgaris 

Saccharomyces 

Kers t mg  and  Van  De 

Leeuw-Leegwater  1976 

Daphnia  magna 

1  .  9 

cerivisiae 

Chlorella 

Rigler  1961 

Daphnia  magna 

2.2 

vulqar is 
Navicula 

Ry^her  1954 

Uapnnia  magna 

2 . 3 

pel  1 iculosa 
Scenedesmus 

Ryther  1954 

Daphnia  pulex 

0.120 

quadricauda 

Chlorococcum 

Ry ther  1954 

Daphnia  rosea 

0.900 

sp. 

Rhodotorula 

Monokov  and  Sorokin  1961 

Diaptomus 

0.47 

g 1 ut in  is 
detritus 

Burns  and  Riqler  1967 
Boqdan  and  McNauqht  1975 

IX  SITU  EXPERIMENTS 

Heart  Lake,  Canada 

0.801 

Va  r ious 

Haney  1973 

Lake  Vechten,  The 
Netnerlands 

0.24 

Various 

Gulati  1978 

Lake  Krasnoye,  USSR 

1 . 20 

Various 

Andronikova  1978 

4  5 

t 


TZMORT 

62.  TZMORT  is  the  maximum  nonpredatory  mortality  rate 
tor  zooplankton  (1/day).  Nonpredatory  mortality  rate  may 
be  obtained  by  measuring  total  mortality  and  predatory  mor¬ 
tality  and  subtracting  to  obtain  the  difference  (a  direct 
approach  is  to  measure  mortality  rate  and  eliminate  preda¬ 
tors  altogether) .  Nonpredatory  mortality  may  be  influenced 
uy  oxygen  concentration,  temperature,  diet,  age,  and  popu¬ 
lation  density.  Nonpredatory  mortality  rates  are  normally 
less  than  1  percent  per  day.  Values  for  maximum  nonpreda¬ 
tory  mortality  rate  are  given  in  Table  13. 


Table  1 J 

Zooplankton  mortal lty  rates_  ( 1  / day ) 


REFERENCE 

Paffenhoffer  1976 
Mull  in  and  Brooks  1970 
Petipa  et  al .  1970 
Clark  and  Carter  1974 
Pet ipa  et  al.  1970 
Hall  1964 
Craddock  1976 
Frank  et  al.  1957 
Clark  and  Carter  1974 
Dodson  1972 
Clark  and  Carter  1974 
Wright  1965 

Gehrs  and  Robertson  1975 


Clark  and  Carter  1974 
Petipa  et  al.  1970 
Petipa  et  al.  1970 
Mull in  and  Brooks  1970 
Hall  et  a  1 .  1970 


SPtC IPS 

TZMORT 

Cu  J  anus  nelgolur.dious 

0.003-0.048 

v '  j  I .  i  j  i .  4  o  .  u  ■  1 ' }  u  1  ^  i  n  <.i  i  c  u  s 

0.024 

C a  rr.  i  vi >  iv, us  zoo! d  ank  ton 

0.002-0.013 

Cot  iouaphti  i.t  reticulata 

0 . 0016 

V.  v.'I  Id  9  el  1 1  v  1  cl  J. !  1  1  1 

0.006-0.017 

1  .ipr.n  i.i  gal  ea  t  a 

0.017 

;  l a  puLtax 

0.012 

Luphni  i  j.k*  1 1  *  x 

0.018-0.027 

i  i  t-t.rj(.:ii rva 

0 . 001 

i'-a:  r.niii  robthi 

0.001-0.007 

0.001 

I )  i :  • ; i  r»  i  a  iiu;» . 

0.002 

pla;  t  emus  ol  ivipes 

0.004-0.155 

;>i.r  -n.  i:\  sor.a 

1  each*  on be rg iana 

0.001 

•  ):nr.  i  vonnis  zooplankton 

0.010-0.01 3 

P  i riit'  1 1  an iis  s  p . 

0.003-0.006 

;< : 1 1  nca  1  a nus  iusut us 

0.006-0.015 

S  i twees  >h.i  lus  so  rrulatus 

0.003 
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zfff  ic 

t»  3  -  ZFFFIC,  the  zooplankton  assimi  la  t  ion  efficiency 
lA/G)  ulimonsionless)  ,  is  the  proport  ion  of  t o< eons umed 
IG)  to  food  assimilated  (A),  i.e.,  food  actual ly  absorbed 
from,  an  individual’s  digestive  system.  The  assimilation 
efficiency  is  used  to  modify  consumption  and  to  determine 
the  quantity  of  energy  entering  an  individual  or  population. 

64.  Of  the  factors  affecting  assimilation  efficiency, 
the  most  significant  is  food  type.  For  herb i vores-det r i - 
vo res,  t'ne  range  in  ZFFFIC  is  wide  because  these  animals 
often  consume  foods  of  varying  energy  content  and  digesti¬ 
bility.  Among  the  carnivores,  for  which  rood  type  varies 
little,  A/G  ranges  between  0 . 80  and  0.95.  Values  for  zoo¬ 
plankton  assimilation  efficiency  are  given  in  Table  14. 
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Taole  14 


Zooplankton  assimilation  efficiency  coefficients  (dimensionless) 


SPECIES 

ZEFFIC 

Acartia  clausi 

0.66-0.73 

Bosmina  coregoni 

0.09-0.77 

Bosmina  longirostris 

0. 32-0. 31 

Calanus  firmarchicus 

0.43-0.96 

Calamoecia  lucase 

0.63-0.67 

Ceriodaphnia  reticulata 

0.106 

Ceriodaphnia  reticulata 

0.47-0.73 

Cyclops  strennus 

0.50 

Cyclops  vicimus 

0.80 

Daphnia  longispina 

0.10-0.25 

Daphnia  longispina 

0.42 

Daphnia  magna 

0.60-0.84 

Daphnia  pulex 

0.14-0.31 

Daphnia  schodleri 

0.60-0.90 

Daphnia  sp. 

0.08-0.25 

Diaptomus  graciloides 

0.81 

Diaptomus  graciloides 

0.45-0.50 

Diaptomus  siciloides 

0 .40-0 .83 

Diaptomus  oregonensis 

0.77 

Eurycercus  lamellatic 

0.07-0.32 

Holopedium  gibberrum 

0  .10-0.47 

neptodora  kindtii 

0.40 

~eptodora  kindtii 

0.87 

Macrocyclops  albidus 

0.45-0. 50 

Mesocyclops  albidus 

0.20-0.75 

Polyphemus  pediculus 

0.42 

Siaa  crystallima 

0.17-0.99 

Simocephalus  espinosus 

0.46 

Simocephalus  vetulus 

0.31-0.72 

Simocephalus  vetulus 

0.31-0.72 

10  herbivores 

0.476 

REFERENCE 

Penchen ' -Finenko  1977 
Semenova  1974 
Gutel 'mackher  1977 
Marshall  and  Orr  1956 
Green  1975 

Czeczuga  &  Bobiatynska-Ksok  1970 

Czeczuga  &  Bobiatynska-Ksok  1970 

Schindler  1971 

Monakov  1972 

Monakov  {,  Sorokin  1961 

Monakov  1972 

Schindler  1968 

Richman  1958 

Hayward  s  Gallup  1976 

Cohn  1958 

Penchen ' -Finenko  1977 

Klekowski  &  Shushkina  1966 

Comita  1972 

Richman  1964 

Smirnov  1962 

Gutel 'mackher  1977 

Cummins  et  al.  1969 

Hillbricht-Ilkowska  &  Karabin  1970 

Klekowski  S.  Shushkrna  1966 

Klekowski  fc  Shushkina  1966 

Monokov  1972 

Monakov  1972 

Sorokin  1969 

Klekowski  1970 

Ivanova  &  Klekowski  1972 

Comita  1972 
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i’KKFl  ,  RRKF2  ,  I'RKF  5 

G5 .  All  zooplanktons  are  selective  feeder:;  result inq 
from  a  combination  ot  (a)  an  orqanism’s  mechanical  limita¬ 
tions  in  capturina  and  process inq  food  items  of  vary ino 
size  and  confiquat  ion,  (b)  the  chemical  compos it  ion  of  the 
food  items,  and  (c)  feedinq  behavior.  Food  pn-fe rente  is 
demonstrated  ii  an  orqanism  consumes  a  food  i  t e :r.  in  a  pro¬ 
portion  different  from  the  food  item's  relative  contribu¬ 
tion  to  the  total  of  all  available'  foods  in  the  environment. 
If  all  foods  occur  at  the  same  concent  rat  ion ,  then  the  pre¬ 
ference  factors  equal  the  fractions  of  inqestion  contributed 
by  each  food  compartment .  Seasonal  abundance  of  phytoplank¬ 
ton,  bacteria,  and  detritus  may  be  the  mam  factor  deter- 
mininq  the  percent,  composition  of  these  components  in  the 
diets  of  many  zooplanktons . 

66.  Filamentous  blueqreen  alqae  are  qenerally  not 
considered  to  be  as  assimilable  as  are  other  alaal  species. 
They  are  seldom  found  in  the  puts  of  zooplankton,  because 
they  either  are  not  eaten  or  are  actively  rejected.  Most 
species  of  qreon  alqae  and  diatoms  are  filtered  at  about 
the  same  rate  and  diqostod.  However,  it  is  not  necessarily 
the  taxonomic  position  of  the  alqa  that  makes  it  suitable 
or  unsuitable  as  food,  but  rather  the  attributes  of  each 
alqal  species  such  as  size,  shape,  and  toxicity. 

67.  Althouqh  ample  evidence  exists  to  show  that  detri¬ 
tus  is  consumed  by  zooplankton,  no  evidence  exists  to  show 
that  it  is  consumed  preferentially;  rather,  detritus  is 
invested  in  proportion  to  its  composition  in  the  environ¬ 
ment.  when  detritus  is  included  us  a  food  source  in  a 

irazinq  formulation,  it  should  be  qiven  equal  rankina  with 
other  suitible  foods.  It  should  be  noted  that  bacteria 
that  colonize  detritus  constitute  an  important  source  of 
protein  in  the  diet. 

4  9 
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68 .  !'  i  It. ei"  f  coders  discriminate  aiuonq  particles  on 

the  basis  of  size,  shape,  and  texture.  There  are  u,.y  or 
and  lower  limits  to  the  sizes  of  particles  that  can  be 
raa tinned  by  zooplankton  feedinu  appondaqcs •  Particles  of 
0.8  and  lar-jer  can  be-  retained;  an  upper  limit  is  related 
to  the  size  of  the  animal .  Alqae  that  cloq  the  filtering 
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’!.  TdRKSI’  i  s  t  ho  max  irtium  zooplankton  ivspir.il  i<  m 
rato  ll/diy).  Kespirat  ion  is  t  ho  su:u  ot  ill  physical  and 


chem  i  ca  i 


'sscs  bv  which  •  >  1  ■  :n  n  i  oxidize  orqanic  ma  t  to  r 


to  produce  enemy.  Kcspir.it  im;  rates  of  aquatic  inverte¬ 
brates  usually  arc  estimated  bimeti  y  by  monitorinq  oxyqeil 
consumption.  By  multiplying  oxycen  consumed  times  an 
oxyculorie  coefficient  (i.e.,  4.81  cal/ml  02  (winberq 
>.'1  a  1  .  1434))  and  file  one  my- to-carbon  re  La  t  ion  for  aquat  ic 
i  n t  ebmles  t  i  .  e  .  ,  1 0  .  *>  K  cal  da  a  C  (Salonen  ot  al.  1976))  , 
the  amount  e:  carbon  me  t  a  bo  1  i  mb  can  bo  dote  rniined  and  con- 
\v  rti  ii  t .  b  lotvass  . 

72.  Conover  (l'MiO)  b.  is  in.dicated  that  carnivores  have 
:  Sac!  i .  -y.  i  rat  ion  rates  t  nan  herbivores.  Values  for  maxi- 
>ot'l  arS-.t  i  m  res;  i.  it  ion  rites  are  .  i  i  von  in  Table  16. 
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Table  lb 

Zooplankton  maximum  re apt  rat  ion  rates  (1/day) 


SPECIES 


TZRF.SP 


KEEEKENCE 


Bosmina  coreyoni 

0.170 

Bosmina  lonyirostris 

0.185 

Ceriodaphnia  reticulata 

0 . 18-  . 

50 

Copepoda 

0.075- 

.  204 

Copepod  adu Its 

0.043- 

.1!1 

Copepod  copepodites 

0 . 0  _>4  - 

.171 

Copepod  nauplii 

0. 165- 

.695 

Copepod  total 

0.056- 

.183 

Daphnia  ashlandii 

0.447- 

.74 

Daphnia  clavipes 

0.117- 

.  166 

Daphnia  cuculata 

0.161 

Daphnia  galeata 

0 . 1 3-  . 

7  72 

Daphnia  hyalina 

0.179 

Daphnia  longispina 

0.121- 

.135 

Daphnia  longispina 

0 . 16 

Daphnia  longispina 

0. 146 

Daphnia  magna 

0.085- 

.175 

Daphnia  magna 

0.014 

Daphnia  oregonesis 

0.194 

Daphnia  pulex 

0.582 

Daphnia  pulex 

0.18-. 

19 

Daphnia  septopus 

0.008- 

.18 

Daphnia  siciloides 

0.006- 

.  52 

Diaphanosoma  brachyurum 

0.272 

Diaptomus  kenai 

0.272- 

.448 

Leptoaora  kindtii 

0.471 

Leptodora  kindtii 

0.125 

Simocephalus  vetulus 

0.131 

Simocephalus  vetulus 

0.154 

Simocephalus  vetulus 

0.096- 

.201 

Total  zooplankton 

0.063- 

.210 

Manuilova  1958 
Sushchenya  1958 
Gophen  19/b 
lush-.p,  196  8 
Wi  1  1  l  .its  1  a  8  2 
Willi  .it  s  1  a  a  2 
W  i  111  urns  19  82 
'Alii  lams  1  a  8 .. 

Duv,:  1  .it.  i  -leer.  1  a 7 1., 

Colt  1  t  a  116  8 
M  a  n ..  l  1  u  v  a  i  9  6  o 
La How  e  t  a  1 .  ]  4  "  5 

lilazka  1  a  b  6 
Tezuka  1971 
Manuilova  19  58 
Shushkina  and  I'ccon '  1964 
Kerstinq  and 

Van  De  Leeuw-Leecrwater  19  76 
Sushchenya  1958 
Richman  1964 
Buikema  1972 
Tezuka  1971 
Comita  1968 
Comita  1968 
Sushchenya  1958 
Duval  and  Geen  1976 
Moshiri  et  al.  1969 
Hillbricht-Ilkowska  and 

Karabin  1970 
Sushchenya  1958 
Manuilova  1958 
Ivanova  and  Klekowski  1972 
Williams  1982 
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ZS2P 

73.  ZS2P  is  the  zooplankton  half-saturation  coeffi¬ 
cient  for  yraziny  on  alyae  and  detritus  (my/L)  .  It  has 
been  found  that  zooplankton  exhibit  reduced  feediny  rates 
at  hiyh  food  concentrations;  the  relationship  between 
feediny  rate  and  food  concentration  has  been  reported  to 
be  curvil  inear  by  a  number  of  investiyators  (Burns  and 
Riyler  1967,  Parsons  et  al.  1967,  McOueen  1970,  Frost  1972, 
Monakov  1972,  Gaudy  1974,  and  Chisholm  et  al.  1975)  . 

74.  The  most  realistic  calculation  of  zooplankton 

arazmy  rate  is  based  on  their  rate  of  removal  of  biomass 
of  food  (Mullm  196  3);  therefore,  it  is  important  that 
invest  maters  report  results  ir.  terms  of  bio  volume  or  bio- 

mas  s  instead  f  cell  n  inner.  The  method  most  used  to  deter¬ 

mine  it.  :est  ion  r  iti  is.  te  count  ivy  in  controls  and  exper¬ 
iment.  a  i  on  i:\rt  is.  « r  *  •  •  r  teebin-  /. ..  plankt  >n  .  Values  for 

i  .  • :  i  r*  t  '  ■ :  •  : : .  >.  .sit  '  i  v » ' : 1  : ;  .  t ; -  i  t  17. 

:  .  cc.‘  ••  .  .  :  -  :•  c  o  .  :  ic  lent  s  l.m:  G.) 

.  .  .  s i.!'i,Ki.;;Gi: 

•  •  ;  i  i  a  - 1  i  ay  1  e  1  9  76 

:c  ;.  ■  .  .  •  .  .  c.  :  l.adie  1  976 

■  .  i  : .  .it.;  i  .Mil’  1  'J  i  b 

,  .  c  •  ■  a. a  sad  l  e  1  976 


cce  :  t  1C  len  t  S 

...  ■  :  ic  .  i'i  bi'inni  at  which 

■  *  . .  .  .  t  •  cc  a  i  .  It  is  acne  r  - 


I 


i-  t  :u  I  '.iwciit  trr.ipt'i  atun>  at  which  pro- 
i  r  i  >v:n  i  :m  near  tiic  maximum  rate 

•  :.<•  a;  pi  t  temperature  bound  in. :  the 
:  i  : .  sur.:  rates  (  °C)  . 

i  .  •  pi-r  ]  et  ha  1  temperature  ( °C J  . 


Table  lo 


'  T'ia 

nkt  m  t 

_•  :r.:>e :  at 

are  cot 

ft_icionts  ( °C_I_ 

.  •  i  L I  i .J 

hoot 1 

«’•  0*  J  i  J 

/. .  ■  <T  ! 

HOOT  4 

REFERENCE 

.  ’  i  i  i,*. 

a  i  l  as  isi 

NA* 

PO 

2  4 

NA 

Green  1975 

.'er  i  ala: 

la  leticulat.l 

A 

24 

27 

NA 

Gophen  1976 

Ja:  hr:  i  a 

:a  It-.Jt  a 

NA 

2  0 

2  4 

NA 

Burns  1969 

■■•‘bilil  1 

1 .  ala  i  s p  l  :ia 

NA 

It 

18 

NA 

Nduworck  1959 

•  :.M  a 

:ihi  ; : : - 1 

NA 

24 

26 

35 

McMahon  1965 

nn  u 

:-,id  md 

NA 

2  r> 

NA 

NA 

Burns  1969 

J.ipinu 

tra a  lend-  -v f  i  ana 

NA 

2  4 

25 

NA 

Kryutchkova  and 
Kondratvuk  1966 

EVipnn  la 

puiex 

NA 

2t 

24 

NA 

Burns  1969 

Da;  nn  la 

pulfX 

NA 

2  0 

24 

NA 

Gel ler  1975 

Lap:  in  id 

pu  lex 

NA 

NA 

2  5 

NA 

Gel ler  1975 

Duplin  i  a 

rosed 

NA 

20 

2  4 

NA 

Burns  Ri^ler  1967 

baphnia 

rosea 

NA 

14 

1  5 

NA 

Kibby  1971 

Da phn  la 

schedle  r i 

NA 

20 

22 

NA 

Burns  1969 

Daphn  i a 

sched ler i 

NA 

20 

24 

NA 

Hayward  t«  Gallup  19  76 

biaptomus  sp. 

NA 

It 

13 

NA 

Nauweick  1959 

N  A  =  not  available. 
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Tabic  20 

Daily  ration  of  benthic  organisms  (from  Leidy  and  Ploskey  1980) 

(1/day) 


SPECIES 

FOOD 

RATION 

REFERENCE 

NEMATODA 

Aphelenchus 

avenae 

fungal  mycelia 

0.26 

Soyza  1973 

Plectus 

palustris 

Acinetobacter 

sp. 

6 . 50 

Duncan  et  al .  1974 

MOLLUSCA 

Dreissena 

po lymorpha 

bacteria 

0.01-.12 

Sorokin  1966 

Goniobais 

clavaeformis 

aufwucks 

0.01-.24 

Malone  and  Nelson  1969 

ARTHROPODA 
riyalel la 
azteca 

sediments 

0.17-1 .03 

Hargrave  1970 

Pontogammarus 

robustoides 

Cladophora  sp. 

0.007-.98 

Kititsyna  1975 

Pontogammarus 

robustoides 

Tubifex  sp. 

0.187-1.63 

Kititsyna  1975 

PODOCOPA 

Chaoborus 

f lavicans 

natural  phyto¬ 
plankton 
population 

0 . 036- . 114 

Kajak  and  Dusoge  1970 

Herpetocypris 

reptans 

Spirogyra  sp. 

1.28 

Yakovleva  1969 

Herpetocypris 

reptans 

Zygnema  sp. 

0.93 

Yakovleva  1969 

Herpetocypris 

reptans 

Mougeotia  sp. 

0.93 

Yakovleva  1969 

Herpetocypris 

reptans 

Chironomus 

plumosus 

0.66 

Yakovleva  1969 

Herpetocypris 

reptans 

Asellus  aquaticus 

0.66 

Yakovleva  1969 

Herpetocypris 

reptans 

fish  fry 

1.09 

Yakovleva  1969 

Proclaaius 

choreus 

Chironomidae 

0.007-.11 

Kajak  and  Dusoge  1970 

EPHEMEROPTERA 

Stenonema 

pulche  Hum 

Navicula  minima 

0.234 

Trama  1972 

PLECOPYERA 
Acroneur la 

ca  1 1  fornica 

Hydropsyche  sp. 

0.002-.087 

Heiman  and  Knight  1975 
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Benthos 

TBMAX 

77.  TBMAX  is  the  maximum  inqestion  rate  for  benthos 

( 1 /day )  and  is  measured  at  food  densities  above  the  incipi¬ 
ent  limitinq  food  concentration.  The  food  source  for  this 
compartment  is  orqanic  sediment;  its  dominant  members  for 
most  reservoir  benthic  communities  are  the  aquatic  oliqo- 
chaetes  and  Ch i ronomidae .  Filter  feeders,  predators, 
deposit  feeders,  and  surface  qrazers  are  all  represented 
in  most  benthic  communities. 

78.  Daily  rations  (an  approximat ion  of  the  daily 
qrazinq  rate)  of  some  benthic  species  compiled  by  I.eiuy 
and  Ploskey  (1980)  are  listed  in  Table  20.  Other  values 
for  maximum  inuestion  rate  are  given  in  Table  21. 


Table  21 

Bent_hos_mox i mun  ingestion  rates _ ( 1 /day ) 


spirits 


TBMAX 


REFERENCE 


Acroneuria  californica 
Asi'llus  aquaticus 
Ca  rri  l  vires 
Chaoborus  flavicans 
Deposit  feeder 
Hyalella  azteca 
Ornn  i  vo  res 

Pontaqamma rus  robust iodes 
P roc  lad i us  choreus 
Selective  deposit  feeder 
Stenonema  pulchellum 


0.002-.09 
0.25 
0.0282 
0.0  36-.  114 
0.111 
0. 17-1  .  3 
0.043 
0.074-.98 
0.07-.11 
0.05 

0. 21-. 23 


Heiman  and  Knight  1975 
Prus  1972 

Biqelow  et  al  1977 
Kajak  and  Dusogc  1970 
Gordon  1966 
Hargrave  1970 
Biqelow  et  al .  1977 

Kititsyna  1975 
Kajak  and  Dtisoqe  1970 
Bigelow  et  al.  1977 
Trama  1972 
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TBMORT 


79.  TBMORT  is  the  nonprefO lory  n:ort a  1  lty  rate  f 
benthos  (1/day).  Leidy  and  PI os key  (1980),  in  their 
view  of  the  literature,  show  mon :  benthos  nonpredator 
mortality  rates  to  be  between  0.001  and  0.02/day. 

BBFI'JjJ 

80.  rbl-KU.'  is  trie  assirai  1  at  ion  off  i>_  toncy  f  c.  r 


/ 


Table  22 

Benthos  ass initiation  ef ficiencies  (dimensionless) 


SPECIES 

VALUE 

REFERENCE 

Anatopmu  dijari 

0.30 

Teal  1957 

Ascii  us  aquaticus 

0. 30 

Klekowski  1970 

Asei  ius  aquaticus 

0.26-0.44 

Prus  1971 

Bunusiola  crotchii 

0.31-0.40 

Winterbourn  1974 

Ca lupsectru  dives 

0.20 

Teal  1957 

Carn ! voces 

0.20-0.97 

Lawton  1970 

Jammu r us  pseudo  1  linnaeus 

0.10-0.20 

Barlocher  and  Kendrick  1975 

Gamma  i  us  pseudol  imnaeus 

0.42-0 . 75 

Barlocher  and  Kendrick  1975 

■3anr.:u rus  pseudo  1  imnaeus 

0 .10 

Marchant  and  Hynes  1981 

damm.ii  us  pu;,-x 

0. 30-0.40 

Nilsson  1974 

dlu-ixosomu  manor 

0.17-0.32 

Cummins  1973 

lied  i  lodiscus 

0.59 

Stockner  1971 

liyaiella  uzeteca 

0.05-0.80 

Hargrave  1970 

tivd r oph 1 1  us  trianqularis 

0.55 

Hallmark  and  Ward  1972 

Lep  i  d. 'stoma 

0.07-0.12 

Graf ius  1973 

Lcstos  .-.ponsa 

0.36 

Klekowski  et  al.  1970 

both acer as  airier  icanus 

0.07 

Guthrie  and  Brust  1969 

Liiunodr  1 1  as  no f  f  me  i.  s  ter  i 

0.5 

Teal  1957 

Mo  st  invertebrate s 

0.5 

Monakov  1972 

Pot  ■viopyru  ns  'enHira  i 

0.04 

Heywood  and  Edwards  1962 

Potumophy 1 ux  sin  tulatus 

0.10-0.30 

Otto  1974 

Ptei  r>na r<~:'s  soot  t  i 

0.11 

McDiffett  1970 

Py  r  rhosonu 

0.77-0.91 

Lawton  1970 

Si  mu’,  lum 

0 .57 

McCullough  1975 

Stiimmema 

0 . 52 

Trama  1957 

!  r  i  c..  ry  thodt'o  t>  ;  nut  as 

0. 07-0. 55 

McCullough  1975 

I'ub  i  r  ex  tub'd  ex 

0.5 

Ivlev  1939 

I 


BS2SED 

81.  BS2SED  is  the  hal f-sat urat ion  coefficient  for 
benthos  feeding  on  organic  sediment  (g/irT).  Leidy  and 
Ploskey  (  1980)  ,  after  a  thorough  review  of  the  litera¬ 
ture,  wrote  that  they  were  unable  to  find  a  sinale  reference 
that  documented,  in  units  convertible  to  carbon,  the  chanqe 
in  benthic  grazing  as  a  function  of  food  concentration.  In 
addition,  the  value  of  the  coefficient  depends  on  the  deoth 
of  the  sediment  being  modeled,  which  is  itself  a  variable. 
The  authors  of  the  present  report  recommend  using  values 

slightly  smaller  than  half  the  initial  condition  fur  the 

2 

sediment,  which  is  reported  in  g/m  . 

T BREST 

82.  T BREST  is  the  maximum  respiration  rate  for  ben¬ 
thos  (1/day) .  Respiration  rates  are  estimated  directly  by 
monitoring  benthic  oxygen  consumption  by  manometric,  chemi¬ 
cal,  or  polarograpiiic  methods.  Values  for  the  respiration 
rate  for  benthos  are  given  in  Table  23. 


/ 
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T.ibl f '  2  3 

Max  li’iur  respiration  rates  foi  benthos  (l/'d.ip) 


SPECIES 

TBRFSP 

TEMP  °C 

REFERENCE 

Aea i t  i  a 

n. 129-.215 

NA* 

Williams  1982 

Anoy 1  us  t 1 uv  lat  i  1  is 

0.0  1'j-.  04 4 

16 

Be  rq  19  52 

naetes  sp. 

0.47-.72 

10 

Fox  et  al .  1937 

til  thy  mu  tentaculata 

0.020 

13 

Berq  a  Ockelmann 

1959 

mtliynn  leachi 

U.031 

1  3 

Berq  k  Ockelmann 

19  59 

bill  tenor us  antiiracmus 

0.005 

11 

Berq  et  a  1 .  196  2 

b.’i  l  rc  nomus  s  t  reunite  i 

0. 12-.  14 

30 

Plpatzer-Schultz 

1970 

bhleeon  drpterum 

0  .  1  b  -  .  4  0 

10-16 

Fox  and  Simmonds 

1933 

Coen  is  sp. 

0.07b 

10 

Fox  et  al.  1935 

Co  re  thru  fluvicans 

0.002 

11 

Berq  e t  a  1 .  1962 

Coryoaeus 

0 . Obi- . 270 

NA 

Williams  1982 

K  o  h  y  o  n  u  r  u  s  v  e  n  o  s  u  s 

0 . 17- . 34 

10 

Fox  et  al .  1935 

Ephemera  s  mu  Ians 

0.06  3 

20 

Olson  and  Rueaer 

1968 

Ep.  loner  a  vulaata 

0. 072-.  19 

10 

Fox  et  al.  1935 

Ephemera  dam. ica 

0.09b-. 21 

10 

Fox  et  al .  1935 

Kpnomerella  unuta 

0.24 

10 

Fox  et  al.  1935 

i.  r;.i  -bdo  11a  ocu  1  a t  a 

0 . 034 

20 

Mann  1956 

E  rpobde 1  la  testacea 

0.052 

20 

Mann  1956 

dammar us  pulex 

0. 10-.  12 

NA 

Fox  and  Simmonds 

1933 

Gastropoda,  Veliger 

0.  107 

NA 

Williams  1982 

Glossiphoma  compl.nata 

0.044 

20 

Mann  1956 

Helobdella  staqnalis 

0.052 

20 

Mann  1956 

Ilyodrilus  nammon lens i s 

0.0009 

11 

Berq  et  al .  1962 

La  '•vaceans 

0.014-.043 

NA 

Will  lams  1982 

Lur.br  ic  1 1 1  us  i  avails 

0.006 

11 

Berq  et  al.  1962 

uysinava  aricularia 

0.016 

1  3 

Berg  k  Ockelmann 

1959 

Lymnaea  palustns 

0.027 

1  3 

Berq  k  Ockelmann 

1959 

nymnaea  pereqer 

0.023 

13 

Berg  k  Ockelmann 

1959 

Many  roups 

0. 0001-. 04 

NA 

Olson  and  Rueqer 

1968 

Myxas  glutinosa 

0.026 

13 

Berg  k  Ockelmann 

1959 

01  lqot  richs 

0.257 

NA 

Williams  1982 

Physa  tontinulis 

0.041 

13 

Berg  k  Ockelmann 

1959 

Pi  sc ico la  qcomotrj 

0.088 

20 

Mann  1956 

Procladius  sp. 

0.002 

11 

Berg  et  al .  1962 

Tint  innids 

0.245 

NA 

Williams  1982 

Tubifex  barbatus 

0.005 

11 

Berg  et  al .  1962 

Tubifex  tubifex 

0.001 

11 

Berg  et  al.  1962 

Valvata  piscinalis 

0.041 

13 

Berg  k  Ockelmann 

1959 

*  NA  =  not  available. 
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'•> .  IihNTS  is  the  lowest  at  wh  io..  ; 

cesses  are  ckviut  i  mi  near  the  maximum  j  a*.  *  . 

c .  BilN'i  i  is  the  upper  temperature  bound  i 
ranue  af  max  i  mum  rates. 

d.  BF.NT4  is  tile  upper  lethal  loi:,:.x".\iti.:\- . 

'1’ab.le  24 

Tc;:ipa\aure  coefficients  for  benthos  netaool i sm  he: 

SPtie  IDS  BKN'l'l  I1IJNT2  PM  AT  3  BKA'i  4  RbrhRKAdM 

Ase  1 1  us  ae.ua  L  lous  J  13  N’A*  A  A  Moore  1973 

Gumma rus  pulex  0  IS  NA  A' A  Me..: re  1973 

Gemma rus 

pseudol imnaeus  0  SO  A A  AA  Merchant  & 


iivnes  19  81. 
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>t  the  ditfieultv  in  estimatinn  ha  l  f -saturation  coefficient 


list  i mates  of  fish  ha  1  f-satural ion  coefficients  are  t>  i  ver.  in 
fable  23. 

a.  FS2B1JN  is  the  benthic- feeding  fishes'  (FISH3)  half 
saturation  coefficient  for  benthos  and  sediment 
qrazina  (mq/L) . 

b.  FSi/U.'O  is  the  pianktrvoi'ous  fishes'  (FISH2)  half¬ 
saturation  coefficient  for  zooplankton,  detritus, 
and  a  1  uae  ( n.o/L )  . 

c .  FS2F5H  is  the  piscivorous  fishes'  (FISlil)  half- 
saturation  coefficient  for  feedinq  on  F1S113  and 
F  1  Si  12  (mu/h)  . 


Table  25 

ha  1  r -saturation  coefficients  for  _t  i  sh  <nowth  (mq/L) 
(  fp./m  Le idy  and  Jonk  in s__l 977) 


.>:•  ivs'  I 

peer  type 

VAU'K 

REFERENCE 

• 

a  i  nnows 

4  .  b 

Thompson  1941 

•  iii:''  it  L  -  is  . 

mi nnows 

7.  2 

Williams  1959 

.  s  k  •  i  1  :  i  :  t  ■ 

n:  i  n:ii  >ws 

5  .  t. 

Gammon  1963 

t  :  •  ;i  .it.  »■  h,:i:  iy  i 

"Ui|e  til  l',H' 

4  .  4 

navis  and  Warren  1965 

\:x\  y*  r. 

mixed  diet 

j  .  «  -  7 . 9 

Brett  et  al .  1969 

t:i\«  ■  i  Mt  :  l  :;r. 

raxed  diet 

3.  1 

Andrews  and  Stickney  1972 

F2AI.C  ,  F2DFT, 

F2ZUO,  F3BFN, 

F3SFD 

i '  r  o 

follow 

terence  : actors  for  fish 

s  : 

coinpa  I'tme 

nts 

2  and  3 

«_i . 

F2ALG  is  the  preference 
(dimensionless) . 

of 

F I S  i  1 2 

f  or 

alqae 

b. 

F2DET  is  the  preference 
(dimensionless) . 

of 

FISH2 

for 

detritus 

c . 

F2Z00  is  the  preference 
ton  (dimensionless). 

of 

FISH  2 

f  or 

zooplank 

F3UEN  is  the  preference 
( d i men s i on  1 e s s )  . 

o  f 

F  L  S 11 3 

for 

benthos 

0  . 

F3SED  is  thi’  preference 
(d i mens  ion  less )  . 

o  f 

FISH  3 

for 

sod  iment 

*  i  n  rfl.it  inq  to  fish  rrel’i'i'cncc  factors  is  suppl  1 
y  and  Jenkins  (1977)  and  is  reprinted  here  in  Tabl 
Unfort  unately ,  the  di f  foront  fish  foods  a  re  exp re 
t  ions  of  t  hi'  total  diet  rather  than  as  quantities 
rams)  consumed ,  making  preference  factors  dif  f icu 1 
mate  from  this  informal  ion . 


Table  26 

;  i sh  food  expressed  as  a  fraction  of  the  diet 
(from  he i d y  and  jenk ins  1977 ) 


d  :  o:' 

i'  1 

.  >!  .  i  i\  I  lit- 

ZOO  hi. 

lli.NTiit  )S 

i-'  id:: 

si. ad 

0.10 

0.80 

0.05 

0 . 0  5 

m  sri.i.i 

)  .  30 

0 .  50 

0.10 

0  .  i  0 

, 

< .  3u 

0 . 05 

o 

t — 

0  .  5  5 

0  .  1  0 

t  O:..; 

0 .  0  5 

0.60 

0  .  L  5 

r-a  at 

0.90 

0.05 

0  .  3  0 

0.10 

0  .  J  0 

0.  10 

0 . 0  0 

0 . 20 

U  .  <)(i 

: .  t.  ■  ;  . ' 

•  1  .  i 

0 . 6  j 

0 . 0  5 

0.15 

•■  / .  1  ".> 

U  .  •  7 

0.05 

0.15 

0  .  d'J 

0 . 0  a 

0  .  1  5 

U  .  4  J 

0  .  J  5 

0  .  i  5 

i  .  ■■  ■ 1  j 

■  1  .  ‘  )  V  1 

0.15 

0.80 

...  '  J 

.  i .  o 

0  .  1  8 

,  , 

0  .  i  u 

0 . 7  0 
U  .  0  5 

0 . 0  0 

'  . 

0 .  1.  5 

0 .  5  5 

■ . u 

0 . 2  0 

0.60 

:  :  :  . 

.  >  “S 

0  .  34 

/ 


92.  An  example  is  given  for  calculating  preference 
factors  for  the  third  fish  compartment  when  actual  quanti¬ 
ties  consumed  are  known.  Suppose  a  particular  species  of 
fish  consumes  2  g  out  of  an  available  16.0  g  of  benthos  and 
0.26  g  out  of  an  available  120.0  g  of  sediment.  The  pre¬ 
ference  factor  (P)  for  the  ith  food  category  equals 

Pi  =  (Ki/Ai)/SUMi (Ei/Ag) )  (22) 

where 

=  the  amount  of  the  ith  food  consumed 
Ai  =  the  amount  of  the  ith  food  available 
For  the  above  examples  the  preference  factors  would  be 
P  (benthos )  =  ( 2 . 0/16 . 0 ) /0 . 12 7 166  =  0.983 
P ( sediment )  =  (0 . 26/120 . 0 ) /0 . 127166  =  0.017 

FSHTl,  FSHT2 ,  FSHT3 ,  FSHT4 

93.  Upper  and  lower  temperature  tolerances  for  fish 
ingestion  are  presented  as  follows: 

a.  FSHTl  is  the  lower  temperature  boundary, 
usually  0  °C,  at  which  metabolism  continues. 

b.  FSHT2  is  the  lowest  temperature  at  which  pro¬ 
cesses  are  occurring  at  the  maximum  rates. 

c.  FSHT3  is  the  upper  temperature  bounding  the 
range  of  maximum  rates. 

d.  FSHT4  is  the  upper  lethal  temperature. 

94.  For  most  wurmwuter  species,  upper  and  lower  tem¬ 

perature  tolerances  are  similar,  the  lower  limit  being 
reached  at  0°C  and  the  upper  limit  between  33  and  37  °C; 
the  optimum  temperature  is  about  27°C.  ' oldwater  species 

such  as  salmonids  reach  a  lower  temperature  limit  at  0°C, 
but  the  upper  limit  is  near  25°C;  the  optimum  temperature 
is  about  14°C.  Temperature  tolerance  values  and  the  vari¬ 
ous  acclimation  temperatures  (ACCL) ,  where  available,  are 
given  in  Table  27. 
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Table  27 

Temperature  coefficients  for  fish  ingestion  (°C) 
(from  Leidy  and  Jenkins  1977) 


SPECIES 

AC  Cl. 

FSHT1 

FSHT2 

FSHT3 

FSHT4 

REFERENCE 

Pickerals 

0 

24 

34.4 

Leidy  and  Jenkins 

1977 

Mi nnows 

0 

27 

33.4 

Leidy  and  Jenkins 

1977 

Cat  fish 

0 

30 

37.1 

Leidy  and  Jenkins 

1977 

Sunf ish 

2.5 

27.5 

35.7 

Leidy  and  Jenkins 

1977 

Black  bass 

1  .  6 

27 

36.5 

Leidy  and  Jenkins 

1977 

Crappie 

23 

32.5 

Leidy  and  Jenkins 

1977 

Yellow  perch 

0 

24.2 

30.9 

Leidy  and  Jenkins 

1977 

Yellow  perch 

29 

Schneider  1973 

Fingerling  salmon 

15 

Brett  et  al.  1969 

Bluntnose  minnow 

5 

26.0 

Hart  1947 

Bluntnose  minnow 

10 

28.3 

Hart  1947 

Bluntnose  minnow 

15 

1.0 

30.6 

Hart  1947 

Bluntnose  minnow 

20 

4.2 

31.7 

Hart  1947 

Bluntnose  minnow 

25 

7.5 

33.3 

Hart  1947 

Flathead  minnow 

10 

28.2 

Hart  1947 

Flathead  minnow 

20 

1 . 5 

31 . 7 

Hart  1952 

Flathead  minnow 

30 

10.5 

33.2 

Hart  1952 

Creek  chub 

5 

24.7 

Hart  1952 

Creek  chub 

10 

27.3 

Hart  1952 

Creek  chub 

15 

29 . 3 

Hart  1952 

Creek  chub 

20 

0.7 

30.3 

Hart  1952 

Creek  chub 

25 

4.5 

30.3 

Hart  1952 

Chub 

14 

27.1 

Black  1953 

Fmescaled  sucker 

14 

26.9 

Black  1953 

White  sucker 

25 

31.2 

Brett  1944 

White  sucker 

5 

26.3 

Hart  1947 

White  sucker 

10 

27.7 

Hart  1947 

White  sucker 

15 

29.3 

Hart  1947 

White  sucker 

20 

2.5 

29.3 

Hart  1947 

White  sucker 

25 

o .  0 

29.3 

Hart  1947 

White  sucker 

27 

McCormick  and  Mischuk  1973 

Brown  bullhead 

5 

27.8 

Hart  1952 

Brown  bullhead 

10 

29.0 

Hart  1952 

Brown  bullhead 

15 

31.0 

Hart  1952 

Brown  bullhead 

20 

32.5 

Hart  1952 

Brown  bullhead 

25 

33.8 

Hart  1952 

brown  bullhead 

30 

34.8 

Hart  1952 

Brown  bullhead 

34 

34.8 

Hart  1952 

Black  bullhead 

23 

35 

Black  1953 

Channel  catfish 

25 

35.5 

Allen  and  Strawn 

1968 

Channel  catfish 

35 

38 

Allen  and  Strawn 

1968 

Channel  catfish 

18 

Andrews  and  Stickney  1972 

Channel  catfish 

15 

0.0 

30.3 

Hart  1952 

Channel  catfish 

20 

2.5 

32.8 

Hart  1952 

Channel  catfish 

25 

6.0 

33.5 

Hart  1952 

Bluegi 1 1 

15 

2.5 

30.7 

Hart  1952 

Blueg ill 

20 

5.0 

31.5 

Hart  1952 

Bluegill 

25 

7.5 

Hart  1952 

I 
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Table  27  (concluded) 


SPECIES 

ACCL 

FSHT1 

FSHT2 

FSHT3 

FSHT4 

REFERENCE 

Bluegill 

30 

11.1 

33.8 

Hart  1952 

Bluegill 

22 

33.8 

McComish  1971 

Longear  sunfish 

25 

35.6 

Neill  et  al .  1966 

Longear  sunfish 

30 

36.8 

Neill  et  al .  1966 

Longear  sunfish 

35 

37.5 

Neill  et  al .  1966 

Pumkinseed 

25 

24 . 5 

Brett  1944 

Smullmouth  bass 

35 

1.6 

26.  3 

35.0 

Horning  and  Pearson  19 

Smallmouth  bass 

28.3 

Peck  1965 

bargemouth  bass 

27.5 

30 

Strawn  1961 

Largemouth  bass 

25 

Niimi  and  Beamish 

1974 

Largemouth  bass 

20 

5.5 

32.5 

Hart  1952 

Largemouth  bass 

25 

34.5 

Hart  1952 

Largemouth  bass 

30 

11.8 

36.4 

Hart  1952 

Yellow  perch 

5 

21 . 3 

Hart  1947 

Yellow  perch 

10 

1.1 

25.0 

Hart  1947 

Yellow  percn 

15 

27.7 

Hart  1947 

Yellow  perch 

25 

3.7 

29 . 7 

Hart  1947 

Yellow  perch- 

■juvenile 

24 

20 

23.3 

McCauley  and  Read 

1973 

Yellow  perch- 

adult 

24 

17.6 

20.1 

McCauley  and  Read 

1973 

Yellow  perch 

8 

18.6 

Ferguson  1958 

Yellow  perch 

10 

19.3 

Ferguson  1958 

Yellow  perch 

15 

23.0 

Ferguson  1958 

Yellow  perch 

20 

23.1 

Ferguson  1958 

Yellow  perch 

25 

24 . 5 

Fergus on  1958 

Yellow  perch 

30 

26 . 7 

Ferguson  1953 

Sockeye  salmon-fry 

5 

0 

22.2 

Brett  1952 

Sockeye  salmon-fry 

10 

3.  1 

23.4 

Brett  1952 

Sockeye  salmon-fry 

15 

4.1 

24.4 

Brett  1952 

Sockeye  salmon-fry 

20 

4.7 

24.8 

Brett  1952 

Sockeye  salmon- 

juvenile 

15 

15 

17 

Brett  et  al.  1969 

Coho  salmon 

5 

0.2 

20.9 

Brett  1952 

Coho  salmon 

10 

1 .  7 

23.7 

Brett  1952 

Coho  salmon 

15 

3.5 

24  .  3 

Brett  1952 

Coho  salmon 

20 

4.  5 

25.0 

Brett  1952 

Chinook  salmon 

18.4 

Olson  and  Foster 

1955 

Northern  pike 

25 

32 

Scott  1964 

Lake  trout 

11.7 

McCauley  and  Tait 

1970 

Lake  trout 

8 

10.9 

Rawson  1961 

Rainbow  trout 

18 

17 

20 

McCauley  and  Pond 

1971 

Brook  trout 

5 

23.7 

Fry  et  al .  1946 

Brook  trout 

10 

24.4 

Fry  et  al  1946 

Brook  trout 

15 

25.0 

Fry  et  al.  1946 

Brook  trout 

20 

25.  3 

Fry  et  al.  1946 

Brook  trout 

25 

0.5 

25.3 

Fry  et  al .  1946 

Brook  trout 

14 

19 

Graham  1949 
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FEFFIC 


95.  FEFFIC,  the  assimilation  efficien  '  for  tish 
(dimensionless),  ranges  from  0.66  to  0.98;  a  value  of  0.80 
is  realistic  for  most  fish  (Leidy  and  Jenkins  19  7  7)  .  The 
assimilation  efficiency  is  multiplied  by  the  ingestion  rate 
to  obtain  an  assimilation  rate.  Values  for  fish  assimila¬ 
tion  efficiency  are  given  in  Table  28. 

Table  28 

Assimilation  efficiencies  of  fish  (dimensionless) 


SPECIES 

FEFFIC 

REFERENCE 

Bleak 

0.80 

Mann  1965 

Blueback  herring 

0.80 

Burbridge  1974 

B 1  ue  g  i  1 1 

0.80 

Pierce  and  Kissing  1974 

Bluegill 

0.97 

Gerking  1955 

Carnivorous  fish 

0.80 

Wingerg  1956 

Carp 

0.74 

Ivlev  1939a 

Carp 

0.95 

Kobashi  and  Deguchi  1971 

Cichlasoma  bimaculatum 

0.69-0.89 

Warren  and  Davis 

1967 

Cutthroat  trout 

0.84-0.86 

Krokhin  1959 

Ctenopharyngodon 

0.14 

Fisher  1970 

Dace 

0.79 

Mann  1965 

Goldfish 

0 . 71-0.86 

Davies  1964 

Green  sunfish 

0.94 

Gerking  1952a 

Longear  sunfish 

0.94-0.97 

Gerking  1952a 

Northern  pike 

0.72 

Johnson  1966 

Perea  fluvatilis 

0.35 

Kl ekowski  et  al  . 

1970 

Perch 

0 . 79 

Mann  1965 

Reticulate  sculpin 

0.74-0.84 

Davis  and  Warren 

1965 

Roach 

0 . 78 

Mann  1965 

White  bass 

0.66-0.69 

Wissing  1974 

TFMORT 

96.  TFMORT  is  the  nonpredatory  mortality  rate  for 
fish  (’/day).  Mortality  rate  is  that  fraction  of  fish  bio¬ 
mass  that  is  converted  to  detritus  by  death.  Nonpredatory 
mortality  rates  can  be  highly  variable  depending  on  species, 
age,  exploitation  rate,  and  numerous  environmental  variables. 
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:  i  :<■  1  iti1  ca  leu  luted  by  Loidy  and  Jenkins  (1977)  is 

■ .  j  ■  ■  1  :  *i  exp  lw  i  tid  populations . 

*  ■' .  K i cko r  (19  41.)  hat;  reviewed  techniques  for  calcu- 
i  : :  i  n  :  v.i  i  leas  ::;orta  1  i  t  y  rates  (total,  instantaneous,  concii- 
t i  u  1 1 ,  na tui a  1 ,  and  t  ishimj)  .  Values  for  nonpredatory 
i  til  Li  ,i :  e  •  s  l  veil  i  n  Table  29. 

Table  29 

Fish  no.’ipredatory  mortality  rules  ( 1  /day ) 


SPEC  Lbs 

TF.MOKT 

RLFERENC  13 

.■  ■liL'i  je.i p.  s p.a d 

0 . 002 

Waiburu  1961 

:•  1  ...e  :  1  1  1 

0.002 

Fa triarche  1968 

ll'JoU  )  1 

0.0002 

Clerk  ina  19  52b 

blueqi  1  1 

0.001 

Ricker  1945 

Brook  trout. 

0.001 

Latta  i 9  6  2 

B rook  t  r  . u t 

0.00 3-. 004 

Alexander  and  Shatter  1961 

Brook  trout 

0 . 1>G  -  L  .  34 

Hatch  and  Webster  1961 

Brown  bull  .head 

0.00  1 

Me Common  and  Seeley  1961 

Brown  bulliiead 

0.00  ] 

Raws tron  1967 

Channel,  catfish 

u  .  0  0  1 

Ricker  1958 

Cut ttirou t  t.  rout 

0 . 0  0  1  -  .  0  0  2 

iiansen  19  71 

Cuttn rout  trout 

0.001 

1 1  and  Cope  1961 

r reshwa ter  arum 

o .  oo  i 

Butler  19b5 

Lar-aorr.oul  h  Hass 

0.00037 

Mraz  and.  Threir.en  1955 

i-i  o  n  >•  j  n  o  s  l*  b  u  k  o  i  * 

0. 002 

Coen  o't.  al .  1966 

M  >  r  t.  lie  rn  :  <  i  k>  • 

0.00  2 

C,  roebner  196  0 

Northern  ;  i  ke 

0 .00  2 

Johnson  and  Peterson  1955 

RoCX  bass 

0 . 0  0  2 

Ricker  1947 

I  1  1  e\  e 

U  .001 

■  d son  19  57 

hill  to  cat  f  I  si; 

0.  <01 

McC.ininon  and  Seeley  1961 

9  H  .  'IFKKSP 

is  the  fish 

respiration  rate  (1/day). 

i  i). *re  a  re  t  h  ree 

types  of  respiration  that  can  bo  defined: 

( .  i ;  standard  res 

ni  rat  iorr-oxy 

qen  consumed  in  the  absence 

jf  measurable  mo 

vemen t  ( l  .  e . , 

nonactive  respiration,  basal 

if  re:;t  i  na  metabolism),  (b)  routine  rospi  ration — rate  of 
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oxygen  consumption  ut  fish  shownni  normal  activity,  and  (c) 
active  respiration — maximum  rate  of  oxygen  consumption 
under  continuous  forced  active  respiration.  It  would 
appear  that  the  best  estimates  of  the  rate  of  respiration 
for  normal  active  fish  are  values  tor  routine  metabolism 
{  i  .  e  .  ,  type  2  above)  (Winberg  1956)  .  Values  for  fish  re- 
spiral  ion  rate  are  given  in  Table  50. 


Table  30 

Fish  maximum  respiration  rates  (l  day ) 


SPEC  IjiS 

Brown  bullhead  0 
Brook  trout  0 
Carp  0 
Lake  trout  0 
Rainbow  trout  0 
Salvelinus 

font i nails  0 
Salvelinus 

fontinnlis  0 
Sockeye  salmon  0 
White  sucker  0 


TFR 

ESP 

TYPE 

001 

routine 

003 

rout ine 

001 

routine 

001 

standard 

002 

s  tanda rd 

006 

-  .  024 

s t anda  rd 

019 

-.101 

act i ve 

002 

s tanda rd 

002 

rout  ine 

REFERENCE 

Beamish  1964 
Beamish  1964 
Beamish  1964 
Gibson  and  Fry  1954 
Florke  et  al.  1954 

Madsen  et  al.  1977 

Madsen  et  al  .  1977 
Brett  1944 
Beamish  1964 


other  Coefficients 


TDSETL 

99.  TbFETL  is  the  Jetri tal  settling  velocity  (m/dav) . 
Detrital  settling  velocities  vary  from  0.001  to  over  200 
m/day  dependin'.;  on  the  detrital  characteristics  and  reser¬ 
ve;;  hydrodynamics.  Settling  rates  should  be  obtained  from 
■p.ieseent  settling  chamber  studies  because  advective  and 
turbulent  iorces  in  the  mixed  layer  that  can  reduce  settling 
in  a  reservoir  are  mode  led  separately.  For  most  studies , 
sei.tl  ing  velocities  am  in  the  i  in.-  of  0.05  to  1.0  m/day. 
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Much  higher  values  are  often  reported  for  fecal  pellets,  as 
shown  in  Table  20;  however,  such  high  settling  coefficients 
may  be  questionable  because  they  produce  unrealistically 
low  detritus  values  in  the  modeling  studies.  Values  for 
detritus  settling  velocities  are  given  in  Table  31. 


T  u  b  1  e  3  1 

Detritus  settling  velocities  (m/day ) 


S<  )t  Kt'E 

TDSETL 

REFERENCE 

Ce  rati  uni  bulticum 

9 . 0 

Apstein  1910 

Chaetoceros  boreal iy 

3.0 

Apstein  1910 

dhaetoceros  d l dymus 

0.83 

Eppley  et  al. 

1967b 

dr icosphaera  car  ferae 

1  .  70 

Epploy  et  al. 

1967b 

Ditylum  brightwellii 

2.0 

Apstein  1910 

Fecal  pellets: 

Acartia  clausii 

116.0 

Smayda  1971 

Fecal  pellets: 

Luphausia  krohnir 

240.0 

Fowler  and  Small  1972 

Fecal  pellets: 

Eupha as i a  pac i f l ca 

43.0 

Osterberg  et 

al.  1963 

Fecal  pellets: 

Pen  tel  la  meudii 

54 . 0-88 . 0 

Turner  1977 

Phaeodacty lum  t  r ico rnutum 

0.02-.04 

Riley  1943 

Rh i zosolen i a  her bet a ta 

0.22 

Eppley  et  al. 

196  7b 

Stephanopyxis  tun  is 

2 . 1 

Eppley  et  al. 

1967b 

Tabellaria  flocculosa 

0.46-1  .  5 

Smayda  1971 

Tha lass i os l ra  psuedonana 

0.85 

Hecky  and  Kilham  1974 

PETTI,  DLTT2 

100.  DHTTl  is  the  lower  temperature  boundary  at  whicn 
decomposition  continues  to  occur.  It  is  usually  0  °d. 

101.  oETT2  is  the  temperature  at  which  decomposition 
occurs  near  the  maximum  rate.  Temperature  coefficients 
for  decomposition  are  given  in  Table  32. 
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Table  32 

Temperature  coefficients  for  decomposition  (°C) 


SI!  B  ST  rati:  or  site 

DETT1 

DETT2 

REFERENCE 

Pseudomonas  fluorescens: 
natural  substrate 

0 

25-30 

Tison  and  Pope  1980 

E.  coli:  natural 

substrate 

0 

37 

Tison  and  Pope  1980 

Glucose:  Lake  George, 

New  York 

0 

25 

Tison  et  al.  1980 

Glucose 

0 

20-30 

Bo  1 1  19  7  5 

Glucose:  Lake  Wingra, 

25-30 

Boy len  and  Brock  1973 

Wis . 


TDOMDK 

102.  TDOMDK  is  the  dissolved  organic  matter  (DOM)  de¬ 
cay  rate  (i/duy).  DOM  in  natural  waters  is  the  organic 
substrate  for  heterotroph ic  metabolism.  Tiie  composition  of 
natural  DOM  is  highly  variable  and  little  understood,  but 
its  sources  are  generally  grouped  into  (a)  excretion  from 
phytoplankton  and  macrophytes,  (b)  decomposition  of  phyto¬ 
plankton  and  macrophytes,  (c)  excretion  by  animals,  and 

(d)  allochthonous  drainage  (e.g.,  humic  compounds  from  up¬ 
stream  sources). 

103.  Aquatic  bacteria  appear  to  be  chiefly  responsible 
for  the  removal  of  DOM  compounds  from  the  water;  they  are 
the  major  agents  for  bacterial  mineralization  of  organic 
solutes  in  fresh  water  (Wright  1975),  using  organic  matter 
as  an  energy  source.  Various  methods  have  been  tested  to 
determine  the  decay  rate  of  DOM  in  water.  Modification  of 
the  basic  Parson  and  Strickland  (1963)  technique  have  aeon 
developed  to  quantify  the  kinetics. 

104.  DOM  decomposition  rates  have  also  been  rep-re¬ 
sented  by  filtered  carbonaceous  biochemical  oxygen  demand 
(BOD)  decay  rates.  If  sufficient  oxygen  is  available,  the 
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aerobic  bioloqical  decomposition  of  organics  will  continue 
until  all  the  DOM  is  consumed.  In  the  standard  test  for 
BOD,  a  sample  is  diluted  with  water  containing  a  known 
amount  of  oxygen.  The  loss  of  oxygen  after  the  sample  has 
been  incubated  for  5  days  at  20  °C  is  knov/n  as  the  5-day 
BOD.  The  value  of  the  first-order  decay  rate  is  generally 
about  0.05  to  0.20  per  day. 

105.  The  BOD  test  suffers  from  several  serious  defi¬ 

ciencies.  The  test  has  no  stoichiometric  validity,  for 
example:  the  arbitrary  5-day  period  usually  doesn't  corres¬ 

pond  to  the  point  where  all  the  organic  matter  is  consumed. 

106.  Contributing  to  the  errors  involved  in  measuring 
decay  rates  of  DOM  is  the  extensive  variability  in  the  com¬ 
position  and  stage  of  decomposition  of  DOM.  Allochthonous 
inputs  of  DOM  are  likely  to  be  more  refractory  than  autoch¬ 
thonous  inputs,  and  as  a  result,  decomposition  rates  will 

be  slower  and  decay  may  be  incomplete;  therefore,  the  length 
of  time  the  organic  matter  is  available  for  decomposition 
is  important.  In  addition,  as  particles  sink  out  of  the 
euphotic  zone,  both  dissolveu  and  detrital  organic  sub¬ 
strates  may  be  limited  to  more  resistant  fractions  thereby 
arresting  attached  microbial  growth.  Therefore,  the  rate 
of  DOM  decomposition  may  be  lower  in  the  hypolimnion  of  a 
stratified  reservoir. 

107.  Oxygen  consumption  rate  (mg  02/L/hr)  can  be 
transformed  into  a  mineralization  rate  of  organic  carbon 
(mg  C/L/hr)  by  application  of  a  conversion  factor  of  0.29 
(Seepers  1981).  Values  for  DOM  decay  rate  are  given  in 
Table  33. 


74 


/ 


Table  33 

DOM  decay  rates 

(1/day) 

COMPOUND 

TDOMDK 

REFERENCE 

Acetate 

0.2 

Wright  1975 

Amino  acids 

0.64 

Williams  et  al.  1976 

Glucose 

0.24 

Williams  et  al .  1976 

Glucose 

0. 32-. 50 

Toerien  and  Cavari 

1982 

Glucose 

0.111 

Wright  1975 

Glutamate 

0.11-.625 

Carney  and  Colwell 

1976 

Glycine 

0. 312- . 45 

Vaccaro  1969 

Glycine 

0.048 

Vaccaro  1969 

G lycolate 

0 . 024- .432 

Wright  1975 

Glycolate 

0 . 012-. 25 

Wright  1975 

Glycolic  acid 

0.004 

Tanaka  et  al.  1974 

TNH3DK 

108.  TNH3DK  is  the  ammonia  decay  rate  (i.e.,  the  rate 
at  which  ammonia  is  oxidized  to  nitrite)  (1/day) .  Ammonia 
is  generated  by  heterotrophic  bacteria  as  the  primary  end 
product  of  decomposition  of  organic  matter,  either  directly 
from  proteins  or  from  other  nitrogenous  organic  compounds. 
Although  ammonia  is  a  major  excretion  product,  this  nitrogen 
source  is  minor  in  comparison  to  decomposition. 

109.  Nitrification  is  the  biological  conversion  of 
oruanic  and  inorganic  N  compounds  from  a  reduced  state  to  a 
more  oxidized  state  (Alexander  1965).  The  nitrifying  bac¬ 
teria  capable  o;  oxidation  of  NH4+  to  N02-  are  largely  con¬ 
fine  i  to  the  species  Ni trosomonas ,  bacteria  which  arc  raeso- 
ph  :  1  ic  <1-17  °C)  . 

L10.  Nitrification  rate  can  be  determined  by  a  number 
•  > :  i  f  ;  i  rent  techniques.  Courchaine  (  1968)  has  plotted  ni- 

t  t  - ' ae-nous  ROD  on  a  logarithmic  scale  and  determined  the 
dee  »y  rate  from  the  slope  of  the  line.  Thomann  et  al. 
il  '71)  used  a  finite-difference  approximat ion  to  solve  a 


set  of  simultaneous  linear  equations. 

111.  Laboratory  measurements  for  the  ammonia  decay 
rate  can  produce  results  that  differ  from  what  might  be 
measured  in  situ.  Several  environmental  factors  influence 
the  rate  of  nitrification,  including  pll,  temperature,  sus¬ 
pended  particulate  concentration,  hydraulic  parameters  and 
benthos . 

112.  Nitrification  can  be  measured  as  a  one-  or  two- 
step  process.  In  the  one-step  method,  only  the  end  product 
of  the  entire  reaction,  nitrate,  is  measured.  In  the  two- 
step  method,  (a)  nitrite  accumulation  is  measured  as  ammonia 
is  oxidized  to  nitrite  and  (b)  nitrate  accumulation  is 
measured  as  nitrite  is  oxidized  to  nitrate.  Oxidation  of 
ammonia  to  nitrite  is  the  rate- 1 imi ting  step  in  the  total 
reaction;  therefore,  experiments  that  measure  the  rate  of 
the  total  reaction  (i.e.,  the  one-step  method)  can  be  used 
to  estimate  this  parameter.  Ammonia  oxidation  rates  are 
given  in  Table  34. 

Table  34 

Ammonia  oxidation  rates  (1/day) 


S  ITE 

Wastewater  treatment  plant 
Grand  River,  Ill. 

Grasmere  Lake ,  U . K . 

Truckee  River,  Nev. 

Upper  Mohawk  River,  N.Y. 
Middle  Mohawk  River 
Lower  Mohawk  River 
Ohio  R iver 
Big  Blue  River,  Neb. 

Flint  River,  Mich. 


TN1I3DK 


REFERENCE 


013 

30 


0.05-0.30 
0.80 
0.001- 
0.09-1 
0.23-0.40 
0 . 30 
0.  30 
0.25 

0 .17-0 .25 
0 . 76-0 .95 


Wild  et  a 1 .  1971 
Bansal  1976 
Hall  1982 
Bansal  1976 
Bansal  1976 
Bansal  1976 
Bansal  1976 
Bansal  1976 
Bansal  1976 
Bansal  1976 
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TNo2  DK 

113.  TN02DK  is  the  decay  rate  of  nitrite  to  nitrate 
l  1  /day)  . 

TDFTDK 

114.  'J'UKTDK  is  the  detritus  decay  rate  (1/day)  .  Detri¬ 
tus  as  uefined  by  Wetzel  et  al.  (1972)  consists  of  orqanic 
carbon  lost  from  an  organism  by  nonpredatory  means  (including 
cgostion,  excretion,  secretion,  etc.)  from  any  trophic  level 
component,  or  input  from  sources  external  to  the  ecosystem 
that  enter  and  cycle  in  the  system  (i.e.,  allochthonous 
orqanic  carbon).  For  CK-QUAL-Rl ,  this  should  be  considered 
to  bo  particulate  material  only. 

115.  The  rate  of  detritus  decay  can  be  determined  by 
measuring  the  use  of  oxygen  during  decomposition,  with  re¬ 
sults  expressed  as  a  first-order  decay  coefficient  (k  base 
e  -  mq  oxygon  used/rog/day) .  Many  workers  have  measured 
rates  of  oxygen  uptake  by  detritus,  suaaestina  that  oxygen 
uptake  is  related  to  the  organic  matter  available  for  decom¬ 
position.  Odum  and  do  la  Cruz  (1967)  and  Fenchal  (1970), 
for  example ,  demon st  rated  an  inverse  relation  between  detri¬ 
tus  particle  size  and  oxyqon  consumption.  Oxygen  uptake  is 
an  in tee  rat ive  measure  of  all  oxidative  processes  occurring 
in  the  sample,  both  chemical  and  biological :  reducing  sub¬ 
stances  are  usually  rapidly  oxidized;  respiration  of  the 
organisms  associated  with  detritus  is  primarily  bacterial, 
although  algae,  protozoa,  and  fungi  may  also  contribute. 
Measurement  of  the  oxygen  uptake  reflects  the  metabolism 

of  communities  of  microorganisms  involved  in  the  decomposi¬ 
tion  of  natural  substances. 

11b.  As  a  detrital  particle  decomposes  with  time, 
t here  is  a  decline  i n  oxygen  uptake  accompanied  by  succes- 
s  man  of  conmun  i  f  ies  of  microorgan  i  sms  ;  tii  is  decline  occurs 
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Table  35 

Detritus  decay  rates  (1/duy) 


DETRITUS  SOURCE 

TDETDK 

REFERENCE 

Beech 

0 .001- 

.004 

Hanlon 

19  8  2 

Cladophera  glomerata 

0 . 007 

P ieczns 

ka  1972 

Dead  green  algae 

0.016- 

.076 

Otsuki 

and  Hanya 

1972 

Dead  mixed  algae 

0.007- 

.111 

Jewe 1 1 

and  McCarty  1971 

Dead  mixed  algae 

0.007- 

.06 

F i tzgerald  1964 

G loco trichi a 

echinulata 

0.001- 

.007 

Piecznska  1972 

Isoetes  lancustris 

0.003- 

.015 

Hanlon 

1982 

Leaf  packs 

0 . 005- 

.017 

Sedel  1 

et  al.  197 

5 

Osier 

0.001- 

.  005 

Hanlon 

1982 

I’otamogeton  crispus 
Potomogeton 

0.002- 

.004 

Rogers 

and  Breen 

1982 

perfol iatus 

0.002- 

.  007 

Hanlon 

1982 

TCOI.DK 

132.  I'C'iLDK  is  the  col  i  form  decay  rate  (1/dav)  .  11s- 

t  i  mates  •!  col  i  form  die  -off  rates  may  be  obtained  in  the 
Inner  Dory  a’  i  n  situ.  In  situ,  where  there  are  no  flow 
rog  i data,  •:  where  flows  are  of  a  transient  nature,  a 
commonly  an.d  met  ft  -d  is  t.o  add  a  slue  of  a  conservative 
tracer  subst  nice  (  i  dye,  rare  element,  or  radioisotope)  to 
steady -stat<  d  isoha  me.  Tire  J  ischa  rao  plume  is  sampled, 
dilution  is  est  imated  from  t  he  concentration  of  tracer,  and 
the  decay  rate  is  est i mated  from  the  dilution-corrected 
colitorm  counts.  this  technique  gives  misleading  results 
in  cases  wnere  the  t  racer  is  diluted  by  water  heavily  con¬ 
taminated  with  the  same  discharne.  Since  the  tracer  was 
introduced  as  a  slug,  there  is  no  way  to  know  h  ,av  many  of 
tile  surviving  coli  forms  originated  in  the  tracer-dosed 
effluent  and  how  many  came  from  pro-  or  post-dosing  efflu¬ 
ent,.  This  p t  :blem  is  reduced  where  the  flow  regime  is 
sufficiently  stable  (14  i son  ct  al.  1978) . 


8  0 


/ 


/ 


123.  There  are  two  approaches  to  estimatinq  die-off 
rates.  Frost  and  Streeter  (1924)  were  able  to  estimate  the 
die-off  rate  usinq  seasonal  averaqes  of  coliform  counts 
from  a  downstream  station,  by  assuminq  pluq  flow  in  the 
river.  Errors  in  the  rates  determined  by  this  approach  are 
vittr ibutaole  to  (a)  dilution  and  to  lonqitudinal  mixinq 
tnut  produced  overestimates  and  (b)  unconsidered  sources  of 
coliforms  that  produced  underestimates. 

124.  in  a  second  approach,  a  mathematical  model  of 
tine  flow  and  mixinq  in  the  system  is  used  to  correct  the 
measurements  for  the  effects  of  dilution.  In  tins  manner 
Marais  (1974)  analyzed  coliform  die-off  in  wastewater  matu¬ 
ration  ponds  as  a  first-order  decay  reaction  in  a  series  of 
completely  mixed  steady-scate  reactors .  errors  in  the 
decay  rates  determined  in  this  way  are  primarily  attribut¬ 
able  to  tiie  reliability  of  the  system  node  1 . 

125.  Table  36  lives  decay  rates  for  col i form  ami 
fecal  streptococcus.  In  Table  37  from  Mitchell  and  Cham¬ 
berlain  (1978),  the  median  die-off  value  was  0.040  'hr  for 
freshwater  coliform.  In  qenernl,  the  die-off  follows  first- 
order  decay  kinetics,  althouqh  a  siqnif icant  increase  in 

col i form  levels  is  common  1 y  observed  in  the  first  several 
miles  downstream  from  the  outfall. 

12t.  Factors  at  feet imi  coliform  decay  rate  include 
sedimentation,  solar  radiation,  nutrient  deficiencies, 
predation,  ulnae,  bacterial  toxins,  and  physiochemica 1 
factors . 
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Table  36 

Coliform  and  fecal  streptococcus  decay  rates  (1/day) 


SPECIES  TCOL.DK 


Fecal 

col  i  f  or  in 

0.048-.096 

Fecal 

streptococc i 

0.063 

Fecal 

streptococe i 

0.004-.01J 

Total 

coli form 

4.48-5.52 

Tot  a  1 

co  1  i form 

0 . 199- . 696 

Total 

col i form 

1.99 

Total 

coliform 

0.168-1. 56 

Tot  a  1 

co  life  rni 

0 . 009- . 028 

Total 

co  1  i  form 

U  .  0  2 1  -  .  0  3  8 

Total 

col i :  rm 

0.045  .049 

iota  1 

col  if 

0 . 0  2  4 - .  10  5 

I'ota  1 

col  l  rm 

0 . 4S-2 . 04 

REFERENCE 

Evans  et  al .  1968 

Evans  et  al .  1968 

Geldreich  et  al.  1968 

Kittrell  and  Furfari  1963 

Klock  1971 

Marais  1974 

Geldreich  et  al.  1968 

Klock  1971 

Evans  et  al.  1968 

Frost  and  Streeter  1924 

Hoskins  et  al .  1927 

Mitchell  and  Chamberlain  1978 
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Table  37 

Freshwater  dio-off  i at  os  of  col i form  bacteria  measured  in  situ  (i/doy) 
(from  Mitchell  and  Chamberlain  1978") 


SITU 

Ohio  River 
Ohio  River 

Upper  Illinois  River 
tipper  Illinois  River 
Upper  Illinois  River- 
Upper  Illinois  River 
bower  Illinois  River 
Lower  Illinois  Rivet 
Lower  Illinois  River 
Lower  Illinois  River 
Shallow  turbulent 
stream 

Missouri  River 
Tennessee  River 
(Knoxvil le) 

Tennessee  River 
(Chattanooga) 
Sacramento  River,  Calif. 
Cumberland  River,  Md. 
Groundwater  stream 
Leaf  River,  Miss. 
Wastewater  laqoon 
Maturation  ponds 
Maturation  ponds 
Oxidation  ponds 


TKMP/SEASON 

RATE 

S  umne  i  2  0  °  c 

1.175 

Winter  5°C 

1 .08 

J  une-Sept . 

2.04 

Oct . -May 

2.52 

Dec.  Mar. 

0 . 576 

Apr . -Nov . 

1.032 

June-Sept . 

2.04 

Oct . -May 

0.888 

Dec . -Mar . 

0.624 

Apr . -Nov . 

0.696 

Sumner 

15.12 

Winter 

0.48 

Summer 

1.03 

Summer 

1 .  32 

Summer 

1 .752 

Summer 

5.52 

10°C 

0.504 

NA 

0.408 

7. 9-25. 5° C 

0 . 1 99- . 696 

NA 

1 .99 

19"C 

1.68 

2  0  °C 

2  .  59 

REFERENCE 

Frost  and  Streeter  1924 
Frost  and  Streeter  1924 
Hoskins  et  al .  1927 
Hoskins  et  al.  1927 
Hoskins  et  al.  1927 
Hoskins  et  al.  1927 
Hoskins  et  al.  1927 
Hoskins  et  al.  1927 
Hoskins  et  al.  1927 
Hoskins  et  al .  1927 

Kittrell  and 

Koschtitzky  1947 
Kittrell  and  Furfari  1963 

Kittrell  and  Furfari  1963 

Kittrell  and  Furfari  1963 

Kittrell  and  Furfari  1963 

Kittrell  and  Furfari  1963 

Wuhrmann  1972 

Mahloch  1974 

Klock  1971 

Marais  1974 

Marais  1974 

Marais  1974 
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TSEDDK 

127.  TSEDDK  is  the  organic  sediment  decomposition 
rate  (1/day).  While  sediment  consists  primarily  of  settled 
organic  detritus,  the  decomposition  rate  should  reflect  the 
changing  nature  of  the  detritus  as  it  reaches  the  sediment; 
i.e.,  it  becomes  more  refractory  since  the  labile  portion 
of  the  organic  detritus  decomposes  as  it  settles  through 
the  water  column.  In  addition,  since  the  initial  value  for 
sediment  is  in  g/m^  the  thickness  of  the  sediment  layer, 
along  with  TSEDDK,  will  affect  the  amount  of  predicted  de¬ 
composition.  Thus,  if  high  initial  values  are  used  for 
sediment,  TSEDDK  may  have  to  be  lowered  since  only  the  top 
few  centimeters  of  sediment  are  usually  involved  in  aerobic 
decomposition.  Hargrave  (1969)  found  the  following  rela- 
tionship  between  the  rate  of  oxygen  comsumption  by  sediments 
(ml  02/m^/hr)  and  tile  temperature  (T,  °C)  : 

In  (O^  consumption  rate)  =  1 . 74* In (T) - 1 . 30  (23) 

At  6°  C  this  would  be  214.3  mg  02/m^/day,  assuming  a  constant 
rate  for  the  day  and  the  conversion  formula  found  in  the 
CE-iJUAE-Rl  User's  Manual  (Environmental  Laboratory  1982, 
p.  188).  At  23°  C  the  rate  would  be  2567  mg/m^/day.  The 
amount  of  sediment  (in  mg/m~)  times  the  value  for  TSEDDK 
times  1.4  (i.e.,  tiie  stoichiometric  equivalent  of  oxygen 
uptake  to  sediment  decay)  should  be  near  the  6-25  CC 
r a  nge . 


DoMTl  DOM'i’2 

128.  DOMTl,  the  critical  low  temperature  for  DOM 
decay,  is  usually  0  c’C. 

129.  DOM'1’2  is  the  optimum  temperature  for  DOM  decay 
(V)  .  Temperature  coefficients  for  DOM  decay  are  given  in 
Tubl e  38. 
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Table  lb 


Temper. 

iture  coeff 

i c ien  ts 

for  DOM  decay  (°C) 

SUBSTRATE 

DOMT1 

DOMT2 

REFERENCE 

Glucose 

5.0 

35.5 

Toeriun  and  Cavari  1982 

Glucose:  Lake 

George,  N’.Y 

0 

25 

Tison  et  al.  1980 

Glucose 

0 

20-30 

Bott  1975 

Glucose:  Lake 

Wmqra,  Wis 

0 

25-30 

Boy Ion  and  Brock  1973 

\il3Ti  ,  N'ti3T2 

130.  Researchers  have  qenerally  found  temperature  to 
affect  nitrification  rates,  especially  in  the  range  of  10 
to  3  5  °C . 

a.  N'HJTl  is  the  lower  temperature  boundary  at 
which  ammonium  nitrification  continues.  It 
is  qenerally  0  °C . 

b.  NI13T2  is  the'  optimum  temperature  for  oxida¬ 
tion  of  NI13-N.  The  optimum  temperature  for 
nitrification  is  qenerally  accepted  to  be 
between  25  and  30  °C. 

lempera Lure  factors  for  ammonia  oxidation  are  qiven  in 
Table  39. 


Table  39 

Temperature  coe  f  f  i  c  ie  n  L  s  for  ammonia  oxidation  (°C) 


SI ’LG  I  ES  OR  S  I  TE 

Nil  3T  1 

Nil  3T2 

REFERENCE 

L  1 1  rosoi'K  >na  s 
iVastcw.ilci"  l  reatment 

30 

Knowles  et  al .  19b 5 

plant 

'j 

25 

Wild  et  al.  .1971 

Ann  Arnor,  Midnqan 

2 

2  0 

Horchardt  I960 

i 
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NoJTl  is  tlu1  lowur  temperature  boundary  at  which 
: :  1  t  r  1  :  1  c  a  t  ion  ocairs  (  °  C )  . 

b'oJTJ  is  t.ho  l'.'wrst  temperature  (°C)  at  which 


t  i  or.  ■  :  nitrite  ti  nitrate  occurs  near  th 


maximum 


.  . .  a : .  ’  , .  is  t .  u '  suspenses  set  l  i  u  s  sett  1  i.ns  velocity 

.  ..e  set  t  •  i  n  :  rate  is  dependent,  on  t  he  t  ype  of 
,  main  sire,  d-.  .unity,  temperature,  viscosity,  and 
.  M.  'St  or  t:ie  la  r-ier  particles  on  Leri  no  a 
t  settle  very  quickly  and  should  not  be  included 
:  Aw.  bane  (L','58)  aives  f  inures  ef  0.80  to  800.0 
r  oart  ic  lo  .it  motors  of  0.002  to  0.1  nutt .  i  srticle. 


in  ij.mv  o 


a  reservoir  are  usual  Iv  at  ti 


■r  tin  i  s  scale. 
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